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CLASSROOMS AS LABORATORIES: THE
SCIENCE OF LEARNING MEETS THE PRAC-
TICE OF TEACHING

THURSDAY, MAY 10, 2001
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SUBCOMMITTEE ON RESEARCH,

COMMITTEE ON SCIENCE,
Washington, DC.

The Subcommittee met, pursuant to call, at 10:30 a.m., in Room
2318 of the Rayburn House Office Building, Hon. Nick Smith
[Chairman of the Subcommittee] presiding.
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HEARING CHARTER

CLASSROOMS AS LABORATORIES: THE SCIENCE OF
LEARNING MEETS THE PRACTICE OF TEACHING

THURSDAY, MAY 10, 2001

10:30 AM TO 12:30 PM

2318 RAYBURN HOUSE OFFICE BUILDING

I. PURPOSE

On May 10, 2001 at 10:30 a.m., the House Science Committee's Subcommittee on
Research will hold a hearing to examine the gap that currently exists between what
is known about how people learn and the methods and materials educators use to
teach. The fields of cognitive science and neuroscience have grown markedly due to
an expanding repertoire of tools that enable researchers to understand how humans
process, store and utilize information, yet educational materials and practices are
rarely aligned to this knowledge. The subcommittee will consider recent reports
from the National Academy of Sciences including How People Learn: Bridging Re-
search and Practice and Improving Student Learning to better understand the rec-
ommendations for incorporating research into classroom practice. The hearing will
help the Subcommittee refine ideas that are likely to be part of education legislation
later this month.

II. BACKGROUND

In her book Left Back: A Century of Failed School Reforms, Diane Ravitch, an
education historian and former Assistant Secretary for Education Research at the
U.S. Department of Education, describes the succession of educational theories that
constitute the pedagogical doctrine of the past 100 years. The book describes how
various ideas about education have become mainstream theories usually without
sufficient basis in research but with great hope that the idea will be the one that
revolutionizes education, serves every student, and provides-the "magic bullet" solu-
tion to the problem of the day. Our capacity to conduct empirical research has ex-
panded dramatically and there is a renewed call within the education community
to incorporate insights from research into classroom practice.

A significant body of research and knowledge on the neurophysiology of learning
that could havebut to date has not hada significant impact on teaching and
learning currently exists. For example, it is now known that memory for facts and
events occurs in a different brain region than does memory for procedural informa-
tion or skills. Further, memory for pictures is superior to that for words, but when
pictures and words are combined, memory for both is enhanced. Research has also
demonstrated that people do not remember facts or events in random sequence;
rather, people organize events or facts into sequences that make sense to them for
appropriate recall of information. Children normally have created their own concep-
tions or misconceptions of how things work, and instruction alone is not usually ef-
fective in replacing misconceptions with correct information. In fact, children fre-
quently learn a new fact and regurgitate it accurately without ever replacing their
incorrect misconception.

Dr. Diane Halpern, who will testify at the hearing, points out that children who
learn that the earth is round frequently believe that there are two earths, the one
that they learned about which is round and circulates around the sun and the other,
flat earth on which they live. An understanding of the importance of children's mis-
conceptions and the best techniques for helping children build correct under-
standings based on something they already understand is key to developing higher
order thinking and learning in math and science.

Some education researchers have used this type of knowledge as a foundation to
generate compelling hypotheses of how classroom instruction might be modified to
utilize the current understanding of human perception and cognition. However, few
of these hypotheses have been subjected to rigorous empirical testing. Instead, when
testing is done at all, it is usually conducted in laboratory settingsrather than in
actual classroomsand quite often anecdotal evidence of changes in attitudes, per-
ceptions or performance suffices as data. Only very rarely is research on particular
education practices or methods taken further to examine which positive effects per-
sist in the hands of less able teachers or within more diverse groups of students.
Thus new education theories are often incorporated in classrooms on the basis of
only tenuously supported data.
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It is quite clear that sound, well-designed research is the key to advances in other
areas of importance to Americans including medical sciences, transportation
sciences, and computer and information science. Unfortunately, research has not
had a similarly significant place in education. For example, the United States in-
vests approximately 23 percent of its pharmaceutical spending on drug development
and testing. In contrast, less than 0.03 percent of the $647.8 billion spent on K-
12 education is invested in research of what educational techniques actually work
and on ways to improve teaching. The 1997 President's Committee of Advisors on
Science and Technology (PCAST) report, The Use of Technology to Strengthen K-12
Education in the United States, recommended that our education research invest-
ment be increased to 0.5 percent and that educational hypotheses be subjected to
appropriately rigorous evaluation involving large numbers of children in authentic
classroom environments. In addition, the report pointed out the need for researchers
to empirically identify optimal educational practices and approaches based on sub-
ject area, student grade and ability level, teacher background, student interests and
experiences, and environment, when undertaking this research.
National Research Council Reports on How People Learn and Improving

Student Learning
In December 1998, the National Research Council released How People Learn, a

report that synthesizes research on human learning. This report spoke of the impor-
tant implications cognitive science could have for instructional materials and prac-
tices as well as on student assessment and the design of learning environments. The
U.S. Department of Education's Office of Educational Research and Improvement
(OERI) then posed the next question: What research and development could help
incorporate the insights from the report into classroom practice?

In response to this question, a second expert panel met to discuss the links be-
tween research and practice and found that the influence of research is largely indi-
rect and colored by public policy, public opinion, mass media reporting and even
people's own experiences in school. The group published a document, How People
Learn: Bridging Research and Practice, which included recommendations on pro-
viding research-based theories that are interpretable by classroom teachers and that
have a direct impact on classroom instruction. In general, the panel recommended
that research be "use-inspired," focused on issues of importance to teaching and
learning, utilized to evaluate existing and new materials and practices, and con-
ducted by teams rich with expertise in both research and practice.

While the How People Learn panels were working on recommendations for the fu-
ture of education research, the National Research Council convened a second expert
panel to develop a plan for a Strategic Education Research Program (SERP). In
1999 this group published Improving Student Learning, in which recommendations
were made to establish four large "networks" assembled around major questions re-
lated to learning and instruction, student motivation, transformation of schools, and
utilization of research in schools. SERP has recently convened a second panel to de-
velop the details of the plan and to further expand upon the network concept.
Interagency Education Research Initiative

Following the 1997 PCAST report, the Interagency Education Research Initiative
was developed by the National Science Foundation (NSF), the Department of Edu-
cation's Office of Educational Research (OERI), and the National Institute of Child
Health and Human Development (NICHD). The goal of IERI is to improve pre-K-
12 student learning and achievement in reading, mathematics, and science by sup-
porting rigorous, interdisciplinary research on large-scale implementations of prom-
ising educational practices and technologies in complex and varied learning environ-
ments. IERI supports work that moves beyond controlled laboratory assessment to
study and evaluate methods and materials within authentic classroom environ-
ments. The IERI program focuses on the early learning of foundational skills and
the transition to increasingly complex science and mathematics learning.

The first round of IERI grants, awarded in FY 2000, focused largely on foundation
reading skills and linked basic knowledge about linguistics and cognition to instruc-
tional methods that lead to reading fluency, phonemic awareness, word reading, and
comprehension. The 10-year debate on the effectiveness of whole language reading
versus phonetic reading yielded a considerable research base on language skill ac-
quisition and reading instruction. The current IERI grants make use of this re-
search on reading to better understand optimal classroom reading instruction and
to explore the potential transfer of reading skills to enhance student achievement
in mathematics and science.

The knowledge base on student learning of mathematics and science is not nearly
as robust as that which exists for literacy and student acquisition of reading skills.
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Therefore a primary focus for the FY 2001 IERI awards will be the transition to
developing mathematical and scientific knowledge and problem solving skills in chil-
dren. Studies will focus on the development and full implementation of math and
science instructional methods and materials and further exploration of how students
learn basic and complex math and science, how students utilize basic skills to solve
complex problems, and how students learn to integrate information across dis-
ciplines.

All IERI .grants must employ interdisciplinary research teams and sound research
methodology to explore the development of linkages between research knowledge
and classroom practice and to investigate the role of technology in instruction and/
or assessment. FY 2001 funding for the IERI program is anticipated to total $48
million: $25 million from NSF, $20 million from Department of Education and $3
million from NICHD. All three agencies work to coordinate research and dissemina-
tion efforts.
The National Science Foundation's Role in Education Research

Beyond IERI, the National Science Foundation has a variety of on-going programs
aimed at both cognitive science research and linkages between this research and
classroom practice. Within the Social, Behavioral and Economics (SBE) Directorate,
the Behavioral and Cognitive Sciences Division (BCS) of the National Science Foun-
dation has several programs aimed at understanding how children learn and how
this learning varies with context. In FY 2001, programs within SBE that specifically
address cognition and education research include The 21st Century Children's Re-
search Initiative ($2 million), Human Cognition and Perception ($6.4 million), Lin-
guistics ($5.4 million), and Developmental and Learning Sciences ($2.2 million).
Within the Education and Human Resources Directorate, the Research on Learning

. and Education (ROLE) program provides $40 million in support for investigations
that target the linkages between research and education practice.

III. Witnesses
Witnesses testifying at this hearing include cognitive scientists, education re-

searchers, and practitioners who will talk about both the barriers and the promise
of bridging the gap between education research and practice.

Dr. Diane Halpern will give testimony about.the current state of the field and
about the recommendations for fostering applied education research as out-
lined in How People Learn and in Improving Student Learning. Dr. Halpern
is a Professor of Psychology at the California State University, San
Bernardino, and recently convened a national conference, Applying the
Science of Learning, to examine the state and future of science-based edu-
cation research.
Dr. Jose Mestre will discuss his contributions to the How People Learn report
and his experience in applying the findings of cognitive science to the practice
of teaching physics. He will also discuss the need to better train teachers to
utilize research in working with students and in evaluating students' mis-
conceptions about science. Dr. Mestre is a theoretical nuclear physicist who
has worked as a cognitive scientist for more than 20 years within the Re-
search Physics Department at University of Massachusetts, Amherst.
Dr. Nancy Songer will describe her work, funded through the Interagency
Education Research Initiative, to establish a model and conduct a comprehen-
sive, large-scale, longitudinal study of effective curricular materials and
teaching practices related to teaching biology. Dr. Songer is a Professor of
Education at the University of Michigan.
Dr. Chris Dede will discuss the special issues related to the need for more
research in the effective use of technology in instruction, teacher preparation,
and student assessment. Dr. Dede is the Timothy E. Wirth Professor of
Learning Technologies at Harvard University and is a published researcher
on the use of current and evolving technologies in education.

W. Questions
1. Where is the current state of knowledge on how people learn the strongest

and in what areas do significant research gaps exist? Where are the biggest
gaps between what we know about learning and what we know about teach-
ing? What research programs should be undertaken to help close these gaps?

2. How well do we understand how children learn math or science as compared
to how they learn reading and do we currently have instructional practices,
standards and materials that are in line with that understanding?
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3. How prepared are schools and teachers to take advantage of computers and
other technology in classroom instruction and student assessment?

4. What barriers currently exist between education researchers and education
practitioners that block the transfer of knowledge from one group to the next
and how might we remove those barriers and facilitate partnerships between
these two groups?

5. If we were to establish research centers linking education researchers with
education practitioners for the purpose of developing and assessing best prac-
tices and materials, how should they be structured?

6. How should teacher training and certification programs be restructured so
that elementary, middle and high school teachers are better prepared to
teach science and mathematics?
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Chairman Swim. The Subcommittee- on Research of the Science
Committee will come to order. Good morning, everyone, and wel-
come to our second hearing in a series dedicated to kindergarten
through 12th grade math and science education. Today, the Sub-
committee is going to focus on developing the linkages, the connec-
tions, between the science of learning and the practice of teaching.
Advances in medical imaging instruments have provided
neuroscientists and cognitive scientists with unprecedented access
to the human brain.

The bells, for everybody's information, means that in approxi-
mately 9 minutes, we will be recessing to go vote on this rule that
is before us.

Again, advances in medical imaging instruments have provided
neuroscientists and cognitive scientists with unprecedented access
to the human brain, enabling researchers to better understand how
the brain collects, processes, stores, and recalls information and re-
calls experiences and memories. For example, cognitive scientists
who study how the brain functions during learning now know that
different regions of the brain are involved in learning facts versus
skills, and in learning a. second language as a child versus and
adult.

Experts now understand that children don't begin school as an
empty vessel waiting to be filled with knowledge. Rather, children
begin school with a vast array of conceptions and misconceptions
about the world around them and they will construct new learning
around these sometimes erroneous beliefs.

But this kind of knowledge of how children learn has not been
widely or effectively translated to instructional materials and prac-
tices and little research really exists that is directly useful for
classroom teachers. Research is often conducted in controlled lab-
oratories rather than in authentic classrooms and the research
questions are infrequently derived from current classroom concerns
and difficulties. Further, teachers are generally untrained in much
of the research and don't know how to interpret or transfer such
technical research data to practical classroom applications.

We need to bridge the gap that exists between education and this
kind of research and practice so that teachers have access to prov-
en materials and practices that are aligned with current under-
standing of how the brain works. We must engage a range of pro-
fessionals, including cognitive scientists, psychologists, teachers, bi-
ologists, chemists, physicists, certainly mathematicians, and policy
makers in this quest for better understanding of the science of
teaching.

Like medicine, education, it seems .to me, requires significant in-
vestment in rigorous, empirical research to facilitate the develop-
ment of effective educational tools, materials, and practices. In her
paper, "What if Research Really Mattered?", Diane Ravitch applied
the education model to medicine and imagined how her own diag-
nosis and treatment of an ailment might have been different if her
doctors were trained in the same way that educators are trained.

Would sheshe would have been accurately diagnosed, since
some would see a diagnosis as a stigmatizing label to be avoided
at all costs? Would her doctors agree on the validity of the CAT
scan as an assessment tool? Would they say that there simply isn't
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enough time or money to provide treatment based on the diagnosis
anyway? At the end of this somewhat, maybe, tongue-in-cheek ex-
ercise, Dr. Ravitch concluded that educators have something to
learn from physicians. And while medicine might have its share of
quacks, on the whole, physicians have canons of scientific validity
to protect innocent patients from unproven remedies and specious
theories.

This parody, I think, is actually quite sobering when one con-
siders the impact that the lack of research on teaching has on the
lives of millions of childrencertainly, all children. We want to ex-
plore the current state of the field and examine the gap that exists
between cognitive science, education research, and actual classroom
teaching. We will hear about the National Research Council rec-
ommendations for fostering problem-focused classroom research on
teaching and learning and will hear about examples of collabo-
rative research projects that transcend traditional barriers to ad-
vance science-based teaching.

I want to thank all of the witnesses today, look forward to your
testimony.

[The prepared statement of Mr. Smith follows:]
PREPARED OPENING STATEMENT OF CHAIRMAN NICK SMITH

Good morning and welcome to our second hearing in a series dedicated to U.S.
K-12th grade math and science education. Today the Subcommittee focuses on de-
veloping linkages between the science of learning and the practice of teaching.

Advances in medical imaging instruments have provided neuroscientists and cog-
nitive scientists with unprecedented access to the human brain, enabling research-
ers to better understand how the brain collects, processes, stores, and recalls infor-
mation, experiences and memories. For example, cognitive scientists who study how
the brain functions during learning now know that different regions of the brain are
involved in learning facts versus skills, and in learning a second languages as a
child versus an adult. Experts now understand that children don't begin school as
an empty vessel waiting to be filled with knowledge; rather, children begin school
with a vast array of conceptions and misconceptions about the world around them
and they will construct new learning around these sometimes erroneous beliefs.

But this knowledge of how children learn has not been widely or effectively trans-
lated to instructional materials and practices and little research exists that is di-
rectly useful for classroom teachers. Research is often conducted in controlled lab-
oratories rather than in authentic classrooms and the research questions are infre-
quently derived from current classroom concerns or difficulties. Further, teachers
are generally untrained in research and don't know how to interpret or transfer re-
search data to practical classroom applications.

We need to bridge the gap that exists between education research and practice
so that teachers have access to proven materials and practices that are aligned with
current understanding of how the brain works. We must engage a range of profes-
sionals including cognitive scientists, psychologists, teachers, biologists, chemists,
physicists, mathematicians, and policy makers in this quest for better under-
standing the science of teaching.

Like medicine, education requires significant investment in rigorous, empirical re-
search to facilitate the development of effective educational tools, materials and
practices. In her paper, "What if Research Really Mattered?", Diane Ravitch applied
the education model to medicine and imagined how her own diagnosis and treat-
ment of an ailment might have been different if her doctors were trained in the
same way that educators are trained. Would she would have been accurately diag-
nosed, since some would see a diagnosis as a stigmatizing label to be avoided at all
costs? Would her doctors agree on the validity of the CAT-scan as an assessment
tool? Would they say that there simply isn't enough time or money to provide treat-
ment based on the diagnosis anyway? At the end of this somewhat tongue-in-cheek
exercise, Dr. Ravitch concluded that "educators have something to learn from physi-
cians." While medicine might have its share of quacks, on the whole, physicians
have "canons of scientific validity to protect innocent patients from unproven rem-
edies and specious theories."



9

This parody is actually quite sobering when one considers the impact that the
lack of research on teaching has on the lives of millions of childrenall children
and their teachers. We want to explore the current state of the field and examine
the gap that exists between cognitive science, education research and actual class-
room. practice. We will hear about the National Research Council recommendations
for fostering problem-focused classroom research on teaching and learning and will
hear about examples of collaborative research projects that transcend traditional
barriers to advance science-based teaching.

I-want to thank the witnesses for appearing today, and I look forward to your tes-
timony.

Chairman SMITH. And with that, Representative Johnson, would
you prefer to start your comments now or when we return?

Ms. JOHNSON. I can :probably get it done in 5 minutes.
Chairman SMITH.. Okay. Please proceed.
Ms. JOHNSON. Thank you -very much, Mr. Chairman. The main

themes that emerged from ..the -previous hearing of the Research
Subcommittee on education research in the fall of '99 were that
education research is underfunded, of-variable quality, and largely
ignored by educational practitioners. These findings were largely
consistent with the results of a 1996 review of Federal education
research activities-by the National Research Council, the NRC.

Overall, the NRC concluded, and. I quote, "The . picture of current
activities that emerges is .a potpourri of programs and activities
that together represented enormous expenditure of energy and po-
litical capital, but that exhibit an equally striking lack of coordina-
tion." Further, the NRC characterized .the agencies as having had
a lack of focus, spreading that limited resources so thinly that me-
diocrity was almost assured. Further, the NRC pointed to a. paucity
of mechanisms for translating results of successful research into
practice. That is, few practitioners have access to, or the ability to
use, research results.

There are no effective avenues for conveying- the most important
research findings and systematically training practitioners in how
to apply the findings. And, finally, there is the cultural divide be-
tween researchers and practitioners exacerbated by the absence of
a reward system to encourage researchers to work with practi-
tioners. I hope our witnesses today will be able to report that
things have improved since the NRC report was issued. There cer-
tainly seems to be ..a lot of room for improvement.

One important focus of this hearing is to explore ways that the
President's budget proposal for a new education initiative at NSF
could be used to help address_ educational research_ needs. This 5-
year, $1 billion initiative is intended to establish partnerships be-
tween schools and universities to improve science and math edu-
cation. I will be very interested in hearing the comments and rec-
ommendations of our Panel on what are the greatest research
needs to be addressed.

And equally important, I solicit your views on how these partner-
ships could be structured to encourage collaboration among those
who perform basic research in cognition and human learning, those
who perform educational research and teachers and school admin-
istrators and developers of educational materials.

I am also interested in the Panel's views on recommendations
from the 1997 report of the President's Committee of Advisors on
Science and Technology. The recommendation, which was also en-
dorsed by the Congressionally mandated Web-based Education

3
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Commission, was for a major research program to carry out large-
scale experiments to identify and quantify effective educational
technologies. The basic idea is that the schools need better informa-
tion on what works to guide the substantial investment that is re-
quired to implement educational technology. There is wide agree-
ment that improving K through 12 education is essential to the Na-
tion's future well-being. It is past time to end their parent dis-
connect between educational practice and the knowledge provided
by basic research on human development and learning.

Educational reform will have a much greater chance to succeed
if informed by such knowledge and accompanied by sufficient in-
vestment in large-scale, rigorous, well-controlled, empirical re-
search to determine what works in the classroom.

I congratulate my Chairman for calling this hearing, and I am
pleased to join him in welcoming our witnesses. Therethisthere
really is no subject of importance for the Subcommittee to consider
any more than this, and I look forward to the discussion. Thank
you.

[The prepared statement of Ms. Johnson follows:]
PREPARED OPENING STATEMENT OF EDDIE BERNICE JOHNSON

The main themes that emerged from the previous hearing of the Research Sub-
committee on education research in the Fall of 1999 were that education research
is under-funded, of variable quality, and largely ignored by educational practi-
tioners.

These findings were largely consistent with the results of a 1996 review of federal
education research activities by the National Research Council (NRC). Overall, the
NRC concluded, and I quote, "the picture of current activities that emerges is a pot-
pourri of programs and activities that together represent an enormous expenditure
of enentaind political capital but that exhibit an equally striking lack of coordina-
tion." er, the NRC characterized the agencies as having had a lack of focus,
spreading their limited resources "so thinly that mediocrity was almost assured."

Further, the NRC pointed to a paucity of mechanisms for translating the results
of successful research into practice. That is, few practitioners have access to or the
ability to use research results. There are no effective avenues for conveying the most
important research findings and systematically training practitioners in how to
apply the findings. And finally, there is the cultural divide between researchers and
practitioners, exacerbated by the absence of a reward system to encourage research-
ers to work with practitioners.

I hope our witnesses today will be able to report that things have improved since
the NRC report was issued. There certainly seems to be a lot of room for improve-
ment.

One important focus of this hearing is to explore ways that the President's budget
proposal for a new education initiative at NSF could be used to help address edu-
cation research needs. This 5-year, $1 billion initiative is intended to establish part-
nerships between schools and universities to improve science and math education.

I will be very interested in hearing the comments and recommendations of our
panel on what are the greatest research needs to be addressed. And equally impor-
tant, I solicit their views on how these partnerships could be structured to encour-
age collaboration among those who perform basic research in cognition and human
learning, those who perform education research, and teachers, school administrators
and developers of educational materials.

I am also interested in the panel's views on a recommendation from the 1997 re-
port of the President's Committee of Advisors on Science and Technology. The rec-
ommendation, which was also endorsed by the congressionally mandated Web-Based
Education Commission, was for a major research program to carry out large-scale
experiments to identify and quantify effective educational technologies. The basic
idea is that schools need better information on what works to guide the substantial
investment that is required to implement educational technology.

There is wide agreement that improving K-12 education is central to the nation's
future well being. It is past time to end the apparent disconnect between edu-
cational practice and the knowledge provided by basic research on human develop-

14
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ment and learning. Educational reform will have a much greater chance to succeed
if informed by such knowledge and accompanied by sufficient investment in large-
scale, rigorous, well-controlled empirical research to determine what works in the
classroom.

I congratulate the Chairman for calling this hearing, and I am pleased to join him
in welcoming our witnesses. There is no subject of more importance for the Sub-
committee to consider, and I look forward to our discussion.

Chairman SMITH. Thank you. And for the information of the wit-
nesses and our guests at the hearing today, we will bethere is
just one vote, so we will be gone approximately 12 minutes and
then we will reconvene. And with that, the Committee stands in re-
cess.

[Recess]
Chairman SMITH. The Subcommittee will reconvene. If there is

no objection, any other opening statements by members will be
added to the record. Without objection, it is so ordered. At this
time, I would like to introduce our Panel. Our first witness, Dr.
Diane Halpern, will give testimony about the current state of the
field and about the recommendations for fostering applied edu-
cation research as outlined in recent reports from the National
Academy of Science. Dr. Halpern is a Professor of Psychology at the
California State University at San Bernardino, and recently con-
vened a national conference to examine the state and future of
science-based education research.

Dr. Jose Mestre will discuss his contributions to the field of edu-
cation research and his experience in applying the findings of cog-
nitive science to the practice of teaching physics. He will also dis-
cuss the need to better train teachers to utilize research in working
with students and in evaluating students' misconceptions about
science. Dr. Mestre is a Theoretical Nuclear Physicist who has
worked as a cognitive scientist for more than 20 years within the
Research Physics Department at the University of Massachusetts
at Amherst.

Our third witness is Dr. Nancy Songer. And Dr. Songer will de-
scribe her work funded through the interagency education research
initiative to establish a model and conduct a comprehensive and
large-scale study of effective circular materials and curricularcur-
riculumcurricular materials and teaching practices related to
teaching biology. Dr. Songer is a Professor of Education at the Uni-
versity of Michigan.

Finally, Dr. Chris Dede is going to discuss the special issues re-
lated to the need for more research and the effective use of tech-
nology and instruction, teacher preparation, and student assess-
ment. Dr. Dede is the Timothy E. Wirth Professor of Learning
Technologies at Harvard University and is a published researcher
on the use of current and evolving technologies and education. So,

again, welcome.
As our panelists may know, your spoken testimony is limited to

5 minutes, after which the members of the Committee will have 5
minutes to ask questions, and your full text of your testimony will
be included in the record. And with that, Dr. Halpern, we will start
with you.



12

STATEMENT OF DR. DIANE HALPERN, PROFESSOR OF PSY-
CHOLOGY, CALIFORNIA STATE UNIVERSITY, SAN
BERNARDINO
Dr. HALPERN. Thank you for inviting me to join you today. My

area is cognitive psychology. Cognitive psychology is the empirical
branch of psychology. We use both carefully controlled laboratory
studies and we also conduct studies out in the real world. Cognitive
psychologists study how people think, how they learn, how they re-
member, how they formulate and solve problems, and how they
reason.

We already have considerable knowledge about powerful learning
strategies that can be used to promote long-term retention and
transfer. And, as Mr. Smith has already mentioned, despite all of
the gains that we have made in understanding what happens when
people learn, most teachers have learned relatively little from cog-
nitive psychology.

We know that if we are interested in school reform, in helping
people learn better, we need a successful pedagogy, a theory of how
people learn, to guide usone that can serve as a basis for the en-
hancement of learning and it has to incorporate ideas about the
way in which learners organize knowledge, the way they represent
it internally, and the way these representations change and resist
change when new information is encountered. We know that the
gap between empirically validated theory and practice is wide.
That, in fact, very little of what we know is really being used.

Let me give you some ideas about what I mean when I talk
about the principles that should be guiding how we design edu-
cation. We know that what and how much gets learned in any situ-
ation depends very heavily on prior knowledge and experience. And
we use the term construction of knowledge because each learner
builds meaning based on what is already known. And just for an
example, when children and naive adults learn, for example, that
the world is round, they first build a notion of sort of a pancake-
shaped earth. Then it can get changed into the idea of a ball that
is cut so we can walk on it without falling. And, in fact, what hap-
pens is they are often able to put the correct answer on an exam,
give the appearance of understanding, whereas, in fact, their un-
derstanding is, at best, shallow. And we are also misleadoften
mislead into believing that learning is better than it really is.

We have mental models or beliefs about the world. This is the
way people think. And we have these for a wide variety of complex
phenomena. I have examples from physics. We have examples from
our understanding of the social world, for example, stereotypes
about people. And these models are very resistant to change. Cog-
nitive psychologists and others have developed diagnostic assess-
ment programs that provide understanding about what each learn-
er's more complex model is. And then, based on the way the learner
responds, it allows us to redirect learning activity and allows for
the correction of some of these errors.

We know that learning is influenced by our students' and our
own epistemologies, theories about learning. What our students be-
lieve to be true about learning, what we believe to be true about
learning. Academic motivation is related to these beliefs about how
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people learn. We also have literature showing that there are ethnic
and other group differences in these epistemologies.

In the United States, we are facing a very serious shortage of sci-
entists, and the level of understanding of scientific principles
among the general public is abysmally low. Yet, many learners are
avoiding course work. They are opting out of it as much as possible
in the sciences, math, and related fields. When you ask them why,
they say they can't learn in these areas. What they are really say-
ing is, that they find learning in these academic disciplines to be
difficult. They don't know that it should be difficult. That some
learning, in fact, is easy; some is implicit, and some is effortful,
perhaps even aversive. But with additional learning, effortful be-
comes easier. And that there is no single set of learning principles
that applies in all situations because learning and remembering
are not univariate concepts.

Another principle that I am talking about is that experience
alone is a poor teacher. We have countless examples where what
we learn from experience is, in fact, systematically wrong. We need
to direct learning activities in ways that are going to allow for sys-
tematic kinds of feedback. Very often we end up with great con-
fidence in our erroneous beliefs based on our everyday kinds of ex-
periences where we seek to confirm our models about what we be-
lieve to be true.

It is important that, in thinking about the redesign of education,
that we, in fact, teach for transfer and we teach for long-term re-
tention. And we have methods and ways that we know will, in fact,
make transfer and long-term retention much more likely. My own
particular interest is in the enhancement of critical thinking skills
and the idea that we teach them in a way to transfer across con-
text and long after graduation. The problem is, we are always
teaching for some time into the future and for a test that we are
not giving, and that is the sorts of ideas that need to be aiding how
we rethink what we are doing about education.

If we are talking about making changes, that also means that we
are going to have to have some assessments to see if, in fact, we
are heading in the right direction. When you care about something,
you measure it. Assessment is a term that conveys multiple mean-
ings to different audiences. There is assessment for the purpose of
improving teaching and learning. There is assessment for the pur-
pose of certifying the level of knowledge that a learner has. There
is assessment for the evaluation of the teacher or the program or
the district. These are all qualitatively different meanings for the
term "assessment".

I believe that much of the heated debate, and the debate is very
heated over the questions of assessment, could be resolved if the
people involved in the debate understood that they are talking
about assessment for different purposes. And it is the purpose that
should be guiding how the assessment is done.

We have a critical need for research, research that can scale up
to large samples at multiple sites with a variety of learning. We

have a lot of small-scale research. What we don't have is the scale
up of the principles that we see either in the lab or in small set-
tings. We need research that can employ research designs that sup-
port more causal inferences. And we need research that will last
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long enough into the future so that long-term retention and real-
world transfer is assessed and we have to encourage responsible
taking. And, as my last thing, is that this is the most important
task we face as a society. Thank you.

[The prepared statement of Dr. Halpern follows:]
PREPARED STATEMENT OF DIANE F. HALPERN

Applying the Science of Learning: Using the Principles of
Cognitive Psychology To Enhance Teaching and Learning
Thank you for inviting me to join you in your deliberations about ways to apply

principles from the science of learning to enhance teaching and learning. I am de-
lighted and honored to be here. Unfortunately, you gave me an almost impossible
assignmentin about five minutes, I am supposed to provide a useful summary of
what we know about human learning and cognition with suggestions for future re-
search. In the short time allocated, I plan to share some of my excitement about
advancements in the learning sciences with you and suggest some ways to translate
our knowledge of human cognition into meaningful school reform with the hope that
you will continue to explore the findings and ideas at some later time.

My academic area is cognitive psychology. Cognitive psychology is the empirical
branch of psychology that deals with questions about how people think, learn, and
remember. Cognitive psychologists study how people acquire, utilize, organize, and
retrieve information. We study topics like memory, decision making, problem identi-
fication and solving, critical thinking, and reasoning. It is clear that a successful
pedagogy that can serve as a basis for the enhancement of learning will have to in-
corporate ideas about the way in which learners organize knowledge and internally
represent it, and the way these representations change and resist change when new
information is encountered. Despite all of the gains that we have made in under-
standing what happens when people learn, most teachers "have gained relatively lit-
tle from cognitive psychology" (Donald Schoen, The Reflective Practitioner, 1983). It
seems that even cognitive psychologists apply very little of what they know about
their academic discipline to their teaching. The gap between empirically validated
theory and practice is wide. This idea first came to me as I sat through a deadly
dull three-hour lecture on the shortness of the human attention span.

Here are a few examples of cognitive principles that should be guiding our design
of learning activities:

1. What and how much gets learned in any situation depends heavily on prior
knowledge and experience. Psychologists use the term "construction of knowledge" be-
cause each learner builds meaning using what is already known. For example, in
an explanation of this principle in "How People Learn," we are told about a fish who
learns about the dry world from a bird. When the bird describes beings who can
walk upright and breathe air, the fish imagines fish-looking people walking on their
tails, with both gills surrounded with water and lungs filled with air. The com-
prehension process is similar to that used when children learn that the world is
round; they replace their pancake-shaped view of the earth with a ball that has
been cut in half, so that we can walk on the flat cut surface without falling off. In
other words, the best predictor of what is learned from at the completion of a lesson,
course, or program of study is what the learner thinks and knows at the start of
the lesson, course, or program of study.

2. We maintain mental models (beliefs) for a wide variety of complex phenomena
including those we encounter in the physical world (e.g., moving objects) and social
world (e.g., stereotypes about members of groups) because, for the most part, they
make sense to us. Our models of the world "work," and thus are difficult to change.
Individuals beliefs about the world are organized into mental models that make
sense and "work"that is, do a reasonably good job in their day-to-day life.

Consider this: In a random telephone survey conducted by the Public Opinion
Laboratory at Northern Illinois, 21% of the over 2000 adults who responded to the
survey believe that the sun resolves around the earth, and an additional 7% did not
know which revolves around which. Didn't most of these adults learn somewhere
that for over 400 years the scientific community unanimously determined that the
earth revolves around the sun? Although we cannot be sure, I would guess that
most of these adults learned this fact, but never altered their mental models of plan-
etary motion because their everyday observations don't support it. We see the sun
"moving" across the sky as morning turns into night. The earth-centric view of the
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universe makes sense according to the naive model that is easily constructed and
tested and confirmed on a daily basis. In order to change an individual's mental
model, we need to design instruction so that the errors in naive models are exposed
and the benefits of the new model are obvious. Cognitive psychologists and others
have diagnostic assessment models that provide information about each learner's
understanding, and based on the way learners respond to questions designed to
probe their understanding, teachers can redirect learning activities that correct
these errors.

3. Learning is influenced by our students' and our own epistemologies (theories
about learning). Academic motivation is related to beliefs about learning.

Many students believe that they cannot "do math," or understand science, or write
poetry, or succeed in some other academic discipline. When you ask them about this
belief, you find that what they really are saying is that they believe that learning
should be easy, but when they learn in these disciplines, it is effortful. What they
don't know is that learning and remembering involve multiple, interdependent proc-
esses. Some types of learning occur implicitly, that is without conscious awareness.
Other types of learning are very easy, and other types of learning are effortful, per-
haps even painful and aversive, such as learning the names of the facial nerves or
how to "do long division. It is only after they invest in the hard work of learning
that additional learning in these fields becomes easy and more automatic. There is
no single set of l principles that will always work. If I were learning how
to ride a unicycle, I would need to practice on a unicycle, no amount of expert expla-
nation would substitute for my getting on the unicycle and pedaling; but I do not
have to experience different events in history in order to "know" them. The best way
to learn and recall something will depend, in part, on what it is you want to learn
and recall as well'as what you already know.

4. Experience alone is a poor teacher. There are countless examples where what we
learn from experience is, in fact, systematically wrong. For example, most jurists be-
lieve that they can tell from a person's demeanor whether she or he is telling the
truth. In fact, they cannot. Therapists believe that a particular intervention has
worked when a client improves after that intervention; of course, if most clients
enter therapy at times of crisis, then improvement is likely no matter what inter-
vention is taken because of the ubiquitous effect of regression to the mean. If a cli-
ent does not improve, then therapists reason that he or she was too sick to benefit
from the good treatment. There are countless examples of this sort of erroneous
thinking, where our beliefs about the world are maintained and strengthened de-
spite the fact that they are wrong. We end up with great confidence in our erro-
neous beliefs.

This is important because there is a popular belief that all learning and learning
assessments should be "authentic"a term that I don't particularly like. I'd settle
for phony learning if what was learned met the tests of long-term retention, re-
trieval when needed, and flexible recall and use of the information that was learned
so it can be used creativelyregardless of how it was learned. Authentic situations
are often not optimal for good learning. What is missing from most authentic situa-
tions and from most real-life situations is systematic and corrective feedback about
the consequences of various actions. When jurists have many experiences where
they believe that they can tell if someone is lying and they receive feedback as to
whether or not the individual is lying, they can learn that they are not good judges
of truth telling. In real life, the systematic feedback is usually missing, so they con-
tinue to believe that they are good at the task of identifying liars when, in fact, they
are not. Similarly, in the absence of reliable and regular feedback, we tend to be-
lieve that our interpretations of social events are accurate or the reasoning behind
a political belief system is valid when it may not be.

Let me quickly list a few more examples of ways that can be applying cognitive
principles to our teaching and learning.

Virtually all science courses, especially at the introductory level, involve a lec-
ture portion where a lone teacher mostly talks (and writes on the board) and
learners take notesa satisfactory arrangement for learning if the desired
outcome is to produce learners who can repeat or recognize the information
presented, but one of the worst arrangements for the promotion of in-depth
understanding. In this example, the problem is that both the faculty and stu-
dents believe that achieving a high score on a recognition test (i.e., multiple
choice exam in which the questions tap lower level cognitive processes) or a
test that requires only repetition of course material is evidence of "good learn-
ing." Unfortunately, it is possible for students to achieve a high score on tests
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like these and not be able to recognize that a concept applies in a slightly
altered context or be able to apply a concept at some time in the future.
Laboratory exercises are mostly "canned," requiring very little original
thought by the learners and few surprises for anyone, thus bearing little re-
semblance to the cognitive processes needed in real research laboratories. The
more creative aspects of research, including the generation of a genuine ques-
tion and the multiple decision points encountered in the research process are
invisible to students in most -laboratory courses, especially at the introductory
level, where the vast majority of college students complete their formal
science education. It is impossible to estimate the number of potential sci-
entists and scientifically informed citizens who are lost at this level because
they fail to see any excitement in research,. but there are many reasons to
believe that it is a large number.
Asking learners to recall some information leads to selective "forgetting" for
other related information that they were not asked to recall. Thus, the act
of remembering strengthens some memory traces and weakens others, a fact
that should influence how -we test students. Few college faculty are aware of
this effect and inadvertently are creating learning activities that actually
cause forgetting for information that want students to retain. When students
are tested frequently, they receive higher scores than students who are tested
infrequently, thus creating.. the impression that frequent testing is a sound
educational .practice...Conscientious_ professors will often use frequent testing
because they believe that the high scores achieved on these tests show that
frequent testing is a. sound educational practice. But, frequent .testing also
leads to overconfidence in learners who erroneously believe that their long-
term retention for the information will be better than it actually is, a belief
that should lead them to put less time and effort into studying the material
for future recall This is another example where the short-term benefits of an
educational practice masks the longterm detriments associated with it.

Teaching for Transfer
The sole reason why -we- have schools and universities, that is formal settings de-

signed for-learning:activities-is- that we expect that learning will transfer. Informa-
tion learned in onecontext can transfer to .a different context, but. we. need: to teach
in ways that encourage transfer.:Because of my interest in and commitment -to help-
ing students improve their ability to think critically, this is one topic about which
I have very strong. feelings. The purpose of formal education is transfer. We teach
students .how to write and think well in -the belief that they will use these skills
when they are not in: school. The truth is sometimes they do and sometimes they
don't.

Let's consider a simple. concept -like correlation. Most students who have taken
courses in the social and behavioral sciences or statistics can tell you that a correla-
tion between two .variables does not necessarily mean-that one caused the change
in the other. Most students who -have had course -work on this topic can .compute
a correlation coefficient for a set of data and provide examples of positive and nega-
tively correlated variables. They can explain the oft-cited example that as the num-
ber of churches increases in. a city so does the number of prostitutes, but that this
relationship doesn't mean- that the increase in number of churches caused the in-
crease in number of prostitutes. But what happens when they are sitting at their
kitchen table and read in the. newspaper about a study that found that students
who attended preschool were better_readers by the end of first grade? Many of these
same students don't recognize the likelihood that attending preschool did not nec-
essarily cause the first graders to be better readers. But our students can be taught
to recognize and apply concepts, like correlational reasoning, that are learned in
school in real world settings.

The frequent use of real-life examples will help students to recognize these prin-
ciples when they encounter them out of school, especially when a wide variety of
examples are used and informative feedback is provided. There is a strong research
base that supports this statement. Of course, a teacher who returns to the same
topic with real life examples throughout the semester will "cover" less material than
one who goes on to another topic as soon as her students can compute the correla-
tion coefficient and explain that correlation is not cause. We need to -give more
thought to what we want students to know and be able to do when they finish our
courses.

With some consideration of what sort of information students will need to know
and in what settings, principles to enhance transfer and retrieval can be incor-
porated into every learning activity.
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Assessing Learning Outcomes
We need assessments of learning that are consistent with their intended use. As-

sessment is a term with multiple meanings. Assessment designed to provide feed-
back that will improve teaching and learning is different from assessment for the
purpose of certifying a level of knowledge or skill for the learner, which is also dif-
ferent from assessment for the purpose of evaluating the instructor or the instruc-
tor's system or state. I believe that much of the heated debate over assessment
would be resolved if those involved in the debate realized that they are often talking
about assessment for different purposes and the type of assessment needs to match
its intended use.
Research Needed

We need research that can "scale up," by that I mean research designs for large
and diverse groups of learners, multiple researchers and teachers, with at least a
quasi-randomized design that will allow stronger causal inferences than most edu-
cational research designs. Educational research needs to be funded for longer peri-
ods of time so that long-term retention and transfer can be assessed. Long-term re-
tention and transfer are the reasons for education, but we cannot determine the ef-
fectiveness of any educational application or intervention if the funding runs out be-
fore the students leap the many educational gaps, where increasing numbers are
unable to bridge from high school to post-secondary school and from school to work.

We need to invest in dissemination projects with as much care and planning as
we put into the research itself. There need to be rewards for good educational prac-
tices along with positive outcomes for researchers and teachers who are willing to
take risks, even when the knowledge gained from those risks is that some method
did not work as hoped.

There are, of course, numerous other examples that I could have used to make
my point that knowledge of how people learn, think, and remember should at the
heart of educational reform. I am happy to provide suggested readings for anyone
who would like to learn more or check my conclusion that, with appropriate instruc-
tion, we can improve how people learn, remember, and think.

In closing, I'd like to add that enhancing student learning is the most important
task we face as a society. Work place and citizenship skills are more complex that
ever before; a thinking, educated citizenry is our best hope for the future. We can
do a better job of educating our country's most precious commoditysmart, edu-
cated adults who can cope with and chart the direction of the change. The rate at
which knowledge has been growing is exponential and the most valued asset of any
society in the coming decades is a knowledgeable, thinking citizenryhuman capital
is our wisest investment. More than ever, we need to prepare students to learn effi-
ciently and to think critically, so that the United States can remain competitive and
cooperative in the 21st century.
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Chairman SMITH. Thank you. Dr. Mestre.

STATEMENT OF DR. JOSE MESTRE, PROFESSOR OF PHYSICS,
UNIVERSITY OF MASSACHUSETTS, AMBERT

Dr. MESTRE. Thank you, Mr. Chairman, for inviting me to testify,
and I commend the Subcommittee for examining how the science
of learning could be applied to improve students' learning and
classroom practices.

I will comment on three areas, the first being the current state
of knowledge about how people learn and where significant gaps
exist in our knowledge. We know a lot about how people learn ef-
fectively and eventually develop expertise. We know how experts
store and retrieve knowledge from memory and how they solve
problems. We know about the different types of knowledge proc-
essed by experts and about their highly structured knowledge net-
work and memory. We also know, as you said, Mr. Chairman, that
learners are not empty vessels. Rather, they bring prior knowledge
to any new learning situation and that prior knowledge filters and
shapes new learning.

We also know about a rich-get-richer principle of learning. The
more you know about a topic, the easier it is to learn more about
that topic. Despite this vast knowledge base in the science of learn-
ing, there are also significant gaps. And I will now mention three
areas where knowledge falls short. Knowledge transferso I guess
I disagree with you somewhat. Transfer which refers to the flexible
application of knowledge across different contexts is very difficult
to achieve and very little is known about how one might structure
teaching in ways to maximize transfer.

Two, pedagogical content knowledge. This terms refers to knowl-
edge of content, such as math or physics, that is linked to knowl-
edge about effective pedagogical techniques for teaching that con-
tent. Facilitating the acquisition of pedagogical content knowledge
for teachers remains a major challenge, as well.

Three, assessment. More research is needed to develop and study
assessments that both allow teachers to tailor instruction to meet
students' needs and allow organizations and institutions to meas-
ure deep conceptual understanding and skilled problem-solving be-
havior. Setting research priorities that focus on these three areas
would have a major impact on improving teachers' teaching and
students' learning by promoting learning that lasts.

Next, I will comment on the training of teachers. Current prac-
tices for training pre-service and in-service teachers are in need of
major revision. For pre-service teachers, there is a major mismatch
between the kind of teaching we would like them to adopt and the
kind of teaching they experience in science classes. Science content
is taught by scientists using very traditional lecture methods and
instructional innovation is taught by education faculty with little
or no communication between these two groups. This practice is in-
effective for developing pedagogical content knowledge. Perhaps,
worse, it causes a major dilemma in teachersshould they teach
science the way scientists taught them or should they teach the
way educators said they should teach?

Further, the workshop structure commonly used for the con-
tinuing education of in-service teachers is not aligned with findings
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from the science of learning. In-service training practices are not
designed to impact teacher's deep knowledge or contentof content
or pedagogy. It is time to develop a science of pedagogy based on
the science of learning and to begin examining pre-service and in-
service practices through the lens of the science of learning.

There is another major problem that directly impacts on the edu-
cation of pre-service teachers, namely, the way we train our science
Ph.D.s. The training of science Ph.D.s consists of immersing the
candidate in science content without demanding that she or he
learn something about learners' cognitive development or pedagogy.
Consequently, scientists know of no other way to teach than the
way they were taught. Addressing this problem will come a long
way in aligning the mismatch that I mentioned earlier.

Lastly, I will address how we might structure research and de-
velopment in math and science education to ensure that we con-
tinue building the science learning infrastructure to make informed
decisions about improving teaching and learning.

First and foremost, we need to realize that learning about learn-
ing involves human cognitive behavior, which is a very complex un-
dertaking. We need to fight the misconception that studying edu-
cation or fixing its problems is easy, simply because most of us
went through the educational system and did very well at it. To
learn about, and solve the complex problems in education today, we
need to draw on the expertise and research methodologies from dis-
ciplines, such as cognitive science, education, psychology, neuro-
science, linguistics, anthropology, and the disciplinary sciences. The
types of collaborations I am suggesting will result in varied ap-
proaches to tackle varied problems.

Finally, there is a funding trend that may lead to undesirable
outcomes. I would strongly argue that we not ignore the value of
small grants to individual investigators. The trend I have seen at
the National Science Foundation's Education and Human Re-
sources directorate is to devote increasing resources to fund large
projects requiring collaborations among a large number of individ-
uals and institutions. Although large projects have a place in
science and math education reform, we are not devoting enough re-
sources to fund the single investigator in their projects.

We need to have the best science done by the best people, and
this calls for opening up competitions to attract the best research
possible. Presently, the resources at NSF's EHR directorate for
funding research are too meager to build the research infrastruc-
ture necessary. If we neglect this need, we will soon outdistance
our research knowledge base and be forced to make decisions about
teaching and curriculum on art rather than science.

The field needs mechanisms to sustain and expand on the excel-
lent body of research cited in the two recent reports on the science
of learning from the National Research Council and not to stifle it
by devoting all new resources to large projects. Thank you for this
opportunity.

[The prepared statement of Dr. Mestre follows:]

PREPARED STATEMENT OF JOSE P. MESTRE

I would like to begin by thanking Chairman Smith for inviting me to testify before
the Subcommittee on Research of the House Committee on Science. It is a pleasure
to be here.
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I commend the Subcommittee for taking up the issue of how to best deploy our
extensive knowledge about human cognition to improve students' learning and class-
room practices at this hearing on Classroom as Laboratories: The Science of Learn-
ing Meets the Practice of Teaching.

I'd like to begin with a few brief comments about my background that will help
put my testimony in perspective. My Ph.D. is in theoretical nuclear physics, but
upon graduation I changed fields to cognitive science because I found learning re-
search more interesting than performing theoretical nuclear calculations. I began
my new career as a cognitive scientist more than 20 years ago within a research
physics department with the help of a federal grant. At that time nearly all physi-
cists, and scientists, believed that "education" work belonged elsewhereperhaps in
a school of educationbut certainly not in a research science department. Things
have changed quite a bit since then; there are now numerous research physics de-
partments with thriving physics education research programs. I believe that sci-
entists are beginning to understand, and value, the contributions from the science
of learning.

I am part of a group of 4 faculty members within a large research physics depart-
ment. We have been well supported by federal grants for over 20 years. I also often
collaborate with other cognitive scientists outside of physics, as well as with high
school physics teachers. I have conducted learning studies with both high school and
university students. Given my eclectic background, I believe that I have a broad per-
spective of the work, attitudes, and -views of scientists, cognitive scientists, and
teachers, and I will draw on that perspective in the- testimony I will provide today.
Answers to Questions from the Subcommittee
1. Where is the current state of knowledge on how people learn the strongest and in

what areas do significant research gaps exist? Where are the biggest gaps between
what we know about learning and what we know about teaching? What research
programs should be undertaken to help close these gaps?
We know a great deal about the nature of learning, and about how people learn

effectively and eventually develop expertise. We know how experts learn informa-
tion, store that information for-effective retrieval from their memories, and how they
solve problems. In particular, we know that skilled performance requires: 1) a store
of knowledge, 2) knowledge that is understood and organized according to the major
principles/laws/concepts of the area being studied, and 3) knowledge that is linked
to contexts and situations in which learning can be applied and to procedures for
applying learning (this facilitates the retrieval and application of knowledge). Build-
ing this highly refined knowledge network takes years, and this is one of the major
reasons why most students find learning science difficult.

We also know a lot about--the conditions under which previous learning can facili-
tate, or hinder, new -learning. For example, we know that learners are not empty
vessels into which knowledge can be poured in ready -to-use form_ Learners bring
knowledge from a lifetime of previous learning to any new learning situation, and
if their previous knowledge (which is often incomplete, fragmented, and contains er-
roneous notions or misconceptions) conflicts with the new material being learned,
it is highly likely that previous knowledge will interfere with the learning of new
knowledge. We also know about a "rich-get-richer" principle of learningthe more
you know about a topic, the easier it is to learn additional information about that
topic.

Despite the vast knowledge base that has been developed in the science of learn-
ing, there are also significant gaps in our knowledge base, especially in an arena
I will refer to as "learning that lasts" for both students and teachers. I now mention
three areas in which more research is needed, and which have major ramifications
for promoting "learning that lasts":

1) Knowledge transfer, that is, the flexible application of knowledge across life's
different contexts and situations. At this point in time we know that transfer
is very difficult to achieve, and very little is known about how one might
structure teaching in ways that maximize transfer.

2) Facilitating the acquisition of "pedagogical content knowledge" for teachers.
In the science of learning we use the term "pedagogical content knowledge"
to mean knowledge of content (e.g., math, physics) that is inextricably linked
to knowledge of effective pedagogical techniques for teaching that content.
Effective models for structuring the educational experience for pre-service
teachers, and the continuing education of in-service teachers, to promote and
maximize the acquisition of "pedagogical content knowledge' remains a
major challenge.

28 BEST COPY AVAILABLE



25

3) Assessment. We need ways of assessing a wider scope of students' knowledge
than we are capable of with the assessments tools currently available. There-
fore, more research and development is needed to develop and study two
types of assessments: formative and summative. Formative assessments
evaluate students' knowledge for purposes of improving instruction, and
would allow teachers to tailor instruction to meet students needs.
Summative assessments, which are intended to "sum up" students' knowl-
edge, are needed to measure deep conceptual understanding and skilled
problem solving behavior. Most current assessment instruments are
summative in design and use, but they fall far short of effective evaluation
of students' deep conceptual understanding.

Setting research priorities to focus on these three areas would have a major im-
pact on improving teachers' teaching and students' learning.

2. How should teacher training and certification programs be restructured so that
elementary, middle and high school teachers are better prepared to teach science
and mathematics?

Current practices for the training of pre-service teachers, and for the continuing
education of in-service teachers, are in need of major revision. The big problem for
pre-service teacher training is the mismatch between the kind of teaching we would
like pre-service teachers to adopt and the kind of teaching they experience in college
science classes. Teaching should get learners actively engaged and the teacher
should serve as a learning coach rather than a transmitter of information. But
science content is taught by scientists using very traditional lecture methods, and
pedagogy is taught by education faculty, with little to no communication or collabo-
ration between these two groups. This practice is not conducive to helping teachers
develop pedagogical content knowledge, and worse, it promotes a type of schizo-
phrenia m prospective teachersshould they teach science the way scientists taught
them or the way educators said they should teach? In short, the science of learning
is not being mined enough in the education of pre-service teachers.

For in-service teachers, the issues differ somewhat. By the time teachers have
been teaching science or math for a few years, they have formed a philosophy of
teaching and have adopted concrete instructional practices. Teachers are not likely
to change their philosophies or practices easily, even if those conflict with our best
understanding of learning and teaching. Further, the workshop structure used com-
monly for the continuing education of in-service teachers is, by design, doomed to
failure and does not follow the principles of learning that have been derived from
the science of learning. In-service training practices are neither sustained, compel-
ling, nor self-evident enough to change teaching practices in the short term and cer-
tainly will not impact teachers' deep knowledge of content or of pedagogy. I would
sum this up by saying that it is time to develop a science of pedagogy based on the
science of learning and to begin with an in-depth study of pre-service and in-service
practices.

The question is how to restructure the pre-service and in-service educational expe-
riences of teachers in the meantime so that they are better prepared to teach
science and mathematics Clearly this is a complex problem and there are no simple
solutions or we would have found them by now. A good starting point is to examine
teacher education reform through the lens of the science of learning. Learning re-
search indicates that effective teaching requires that teachers possess three types
of knowledge: 1) knowledge of content, 2) knowledge of the salient research findings
pertaining to learning, and the implications of those findings to classroom practice,
and 3) knowledge about instructional strategies to facilitate and monitor conceptual
change and the development of problem solving skills. This combination is what I've
been referring to as pedagogical content knowledge, and should be taught coherently
rather than as isolated units. The image of weaving three types of strands into an
integrated, detailed fabric comes to mind. To achieve this requires more cross-dis-
ciplinary collaboration among scientists, educators, teachers, and administrators.
This suggestion is not unique: Today many of the exciting advances in science occur
when scientists collaborate to blur the boundaries of their disciplines. For example,
advances in nanotechnology are made by groups of physicists, polymer scientists,
and chemists working together; advances in biotechnology requires pooled expertise
from medicine, molecular biology, biochemistry and physics.

I would be remiss if I did not point out another major problem that directly affects
the education of pre-service teachers, and which we could be to address almost
immediately, namely, the way we train our science Ph.D.s. The training of science
Ph.D.s consists of immersing the candidate in science content, with no formal re-
quirement demanding that the candidate learn something about learners' cognitive
development or about pedagogy based on sound learning principles. Consequently,
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scientists know of no other way to teach than the way they were taught. Addressing
this problem, for example by providing incentives to science departments to include
courses on the science of learning and pedagogy, would go a long way in aligning
the mismatch mentioned above and in curing, or at least alleviating, the schizo-
phrenia we create in prospective teachers.

Although I haven't suggested a recipe for structuring teacher education and cer-
tification programs, I have suggested ingredients necessary for successful reform.
Since universities are essentially entrepreneurial organizations, we need to provide
incentives to both science departments and schools of education to reform science
teaching and pedagogical training received by prospective teachers. For example,
one way of achieving the type of collaboration needed among scientists, educators,
teachers, and administrators in crafting new teacher training models is for agencies
like NSF to offer program solicitations requiring such collaborations, and also re-
quiring that any model proposed be based on sound principles of teaching and learn-
ing (e.g., as outlined in the National Research Council report, How People Learn).
I am suggesting that the science of learning and the science of pedagogy need to
be pursued as scientific research enterprisessearching for evidence that can im-
prove our knowledge bases that will help address our nation's education problems.
3. If we were to establish research centers linking education researchers with edu-

cation practitioners for the purpose of developing and assessing best practices and
materials, how should they be structured?

I would like to begin my answer by addressing two phrases used in this question
that carry some underlying assumptions. The first phrase, linking education re-
searchers with education practitioners," implies too narrow a collaboration. I would
suggest. that we need collaborations that include combinations of cognitive and dis-
ciplinary scientists, education researchers, education practitioners, and education
ad strators. The second phrase that I'd like to comment on is "best practices and
materials." The problem. here is that too often "best practices and materials" are
based on accepted practices and folklore rather than on scientific evidence from the
science of learning.

First and foremost, learning about learning involves studying human cognitive be-
havior, which is a very complex undertaking. If large research centers are to be
funded to study the science of learning we need to fight the misconception that
studying education, or fixing its problems, is easy simply because most of us went
through the educational system and did well at it. To learn about, and solve the
complex problems in education today, we need to draw on the expertise, and re-
search methodologies, from various disciplines for example, cognitive science, edu-
cation, psychology, neuroscience, linguistics, the sciences, and anthropology, to name
a few major ones. The types of collaborations I am suggesting will result in varied
approaches to tackle varied problems. For example, studies will be designed that in-
clude: 1) Different methodologies (some qualitative some quantitative) from behav-
ioral, cognitive, neural, and educational traditions, 2) Different time scales (some
short term, some longitudinal), and 3) Different levels of analysis. To summarize,
the need now is to generate new approaches to research complex human systems
by studying human cognition and environmental factors that directly impact learn-
ing (e.g., home and school environments) using diverse methodologies across sepa-
rate disciplines that comprise the cognitive, developmental, social, behavioral, and
disciplinary sciences.

Finally, there is a structural assumption in the question above that may lead to
undesirable outcomes. I would strongly argue that, in order to ensure that we con-
tinue building the science of learning research infrastructure so that we can make
informed decisions about teaching practices and curriculum development, we not ig-
nore the value of small grants to individual investigators. The trend I've seen at the
National Science Foundation's Education and Human Resources directorate for
some time now is to devote increasing resources to fund large projects requiring col-
laborations among a large number of individuals and institutions. Examples of these
include the State, Urban, and Rural Systemic Initiative grants, the new Centers for
Learning and Teaching, and the Interagency Education Research Initiative, to name
a few. Although large projects have a place in science and math education reform,
we are not devoting enough resources to fund "single investigator" grants (i.e., small
collaborations between one or two scientists, post-doctoral associates, graduate stu-
dents, and teachers).

Large project solicitations favor principal investigators who are good managers ca-
pable of putting together large teams of collaborators, but many excellent research-
ers, through no fault of their own, will never become part of these collaborations.
We need to have the best science done by the best people, and this calls for also
having more "open" competitions to attract the best research studies possible. Pres-
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ently, there is only one program. at NSF's EBB directorate that openly funds re-
search on learning, and its resources are too meager to fund the kind of research
infrastructure needed for science and math education reform. Programs are also
needed to incorporate the scientific advances that are presently evident in the be-
havioral and cognitive sciences so that education can benefit from these knowledge
bases. To neglect this need will mean we will likely soon outdistance our research
knowledge base and be forced to make decisions about teaching and curriculum
based on "art" rather than science. If we examine the large number of citations in
the NRC's two recent reports on the science or learning, namely How People Learn:
Brain Mind, Experience and School, and How People Learn: Bridging Research and
Practice, we will find that the vast majority of the research cited came from funding
the best people to do the best science. The field needs mechanisms to sustain and
expand this excellent body of research and to not stifle it by devoting all new re-
sources to large projects.



28

BIOGRAPHY FOR JOSE P. MESTRE

Education:
B.S., Physics, University of Massachusetts, 1974.
Ph.D., Physics, University of Massachusetts, 1979.
Positions Held:
1979-1981: Post-Doctoral Research Associate, UMass Amherst.
1982: Acting Director, Minority Engineering Program, UMass Amherst.
1981-1987: Visiting Assistant Professor of Physics, UMass Amherst.
1987-1993: Associate Professor of Physics, UMass Amherst.
1992-1993: Visiting Staff Associate, LRDC, U. of Pittsburgh.
1993-present: Professor of Physics, UMass Amherst.
Proposal Manuscript Referee:
National Science Foundation, The Physics Teacher, American Journal of Physics,

Cognition and Instruction, Journal for Research in Mathematics Education,
Journal of Educational Psychology, Contemporary Educational Psychology, In-
structional Science, Journal of Computing in Higher Education.

Professional Service:
Served on over 20 national advisory boards, panels, & committees.
Sample Service:

Present:
Technical Advisory Committee, Graduate Record Examination, Educational
Testing Service, 1999-present.
National Task Force on Undergraduate Physics, American Physical Society,
American Association of-Physics Teachers, and American Institute of Physics,
1999-present.
Editorial Board of The Journal of Physics Education Research, 1997-present.

Past:
Member, Committee on Developments in the Science of Learning (1995-1998),
and Committee on Learning Research and Educational Practice (1998-1999),
Commission on Behavioral & Social Sciences & Education, National Research
Council.
Chair, Sciences Advisory Committee, 1989-1992 (Member 1986-1992); Mem-
ber, Council on Academic Affairs, 1989-1992; Member, Scholastic Aptitude
Test Committee, 1987-1991, The College Board.
Research' in Physics Education Committee, American Association of Physics
Teachers, 1998-2000, and 1992-1995.
Member, Advisory PanelProject QUASAR, Learning Research & Develop-
ment Center, University of Pittsburgh, 1990-1997.
Member, Mathematical Sciences Education Board, National Academy of the
Sciences/National Research Council, 1988-1991.
Member, Visiting Committee, Educational Testing Service, 1987-1990.
Member, Standing Review Panel, Applications for Advanced Technologies Pro-
gram, National Science Foundation, 1988-1990.
Member, Editorial Board of The Physics Teacher, 1990-1993.
Member, Expert Panel, Federal Coordinating Council for Science, Engineering
and Technology, Washington, D.C., 1992-1993.

Grants Summary: Thirteen grants totaling over $4,000,000.
Publication-Presentation Summary: 90 Talks/Workshops/Invited Presentations &
Conferences; 57 Articles and 15 Books Published.
Selected Publications:
Mestre, J.P. & Touger, J.S. (1989). Cognitive research: What's in it for physics

teachers? The Physics Teacher, 27,447-456.
Mestre, J.P. (1991). Learning and instruction in pre-college physical science. Physics

Today, 44, #9 (Sept.).
Mestre, J.P., Dufresne, R., Gerace, W.J., Hardiman, P.T. & Touger, J.S. (1992). En-

hancing higher-order thinking skills in physics. In D. Halpern (Ed.), Enhancing
Thinking Skills in the Sciences and Mathematics (pp. 77-94). Hillsdale, NJ:
Lawrence Erlbaum Assoc.

3 ') BEST COPY AVAILABLE



29

Mestre, J.P. & Royer, J.M. (1992). Cultural and linguistic influences on Latino test-
ing. In G. Keller, R. Magallan, & J. Deneen (Eds.), Assessment and Access for
Hispanics in Higher Education (pp. 39-66). Albany, NY: The State University
of New York Press.

Mestre, J.P., Dufresne, R., Gerace, W.J., Hardiman, P.T. & Touger, J.S. (1993). Pro-
moting skilled problem solving behavior among beginning physics students.
Journal of Research in Science Teaching, 30,303-317.

Mestre, J.P. (1994, February). Cognitive aspects of learning and teaching science.
In S.J. Fitzsimmons & L.C. Kerpelman (Eds.), Teacher Enhancement for Ele-
mentary and Secondary Science and Mathematics: Status Issues and Problems
(pp. 3-1-3-53). Washington, D.C.: National Science Foundation (NSF 94-80).

Dufresne, R.J., Gerace, W.J., Leonard, W.J., Mestre, J.P., & Wenk, L. (1996).
Classtalk: A classroom communication system for active learning. J. of Com-
puting in Higher Ed., 7,3-47.

Leonard, W.J., Dufresne, R.J., & Mestre, J.P. (1996). Using qualitative problem-solv-
ing strategies to highlight the role of conceptual knowledge in solving problems.
American Journal of Physics, 64,1495-1503.

Royer, J.M., Carlo, M.S., Dufresne, R., & Mestre, J. (1996). The assessment of levels

of domain expertise while reading. Cognition & Instruction, 14,373-408.
Mestre, J.P. (2000). Progress in research: The interplay among theory, research

questions, and measurement techniques. In R. Lesh, R. & A. Kelly, (Eds.),
Handbook of research methodologies for science and mathematics education (pp.
151-168).

Mahwah, NJ: LEA. Mestre, J.P. (2001). Implications of research on learning for the
education of prospective science and physics teachers. Physics Education, 36, #1,

44-51.
Mestre, J.P. (accepted for publication). Probing conceptual understanding and trans-

fer in physics via problem posing. Journal of Applied Developmental Psychology.

Books:
Cocking, R.R. & Mestre, J.P. (Eds.) (1988). Linguistic and Cultural Influences on

Learning Mathematics, Hillsdale, NJ: Lawrence Erlbaum Associates.
Mestre, J.P. & Lochhead, J. (1990). Academic Preparation in Science: Teaching for

Transition from High School to CollegeSecond Edition. New York, NY: The

College Board.
Leonard, W., Dufresne, R., Gerace, W., & Mestre, J. (1999). Minds-On Physics. Du-

buque, IA: Kendall/Hunt Publishing. (6 student books and 6 teacher guides.)
Mestre, J.P. & Cocking, R.R. (Eds.) (2000). Special Issue on the Science of Learning,

Journal of Applied Developmental Psychology, 21, #1 (Jan.-Feb.).

73-331 D-01--2 33



30

erAl
1111 ilak

UNIVERSITY of
MASSACHUSETTS
1126 Leder le Graduate Research Center Towers
BO!C 34525
Amherst, MA 01003-4525

UMASS

May 8, 2001

The Honorable Sherwood L. Boehlert, Chairman
Committee on Science
U.S. House of Representatives
B-374 Raybum Building
Washington, D.C. 20515

Dear Chairman Boehlert:

Department of Physics

voice: 413.545.2545
fax: 11345.0648

According to the rules governing testimony for the Committee on
Science, I am required to reveal my sources of Federal Government
funding. I currently have two sources of funding. The first is a grant
from the Education and Human Resources directorate of the
National Science Foundation (grant #ESI-9730438) titled °Assessing
to Learn: Formative Assessment Materials for High School Physics.°
The second is a subcontract, titled °Evaluation of Operation Primary
Physical Science Project," from a grant to Louisiana State University
from the National Science Foundation's Education and Human
Resource directorate.

Sincerely,

Jose P. P. Mestre
Professor of Physics

the University of Massachusetts is an Affirmative ActionfEqual Opoortunity institution 9 Printed on stecycleo Pape,

34
BEST COPY AVAILABLE



31

Chairman SMITH. Thank you. Dr. Songer.

STATEMENT OF DR. NANCY B. SONGER, PROFESSOR OF
EDUCATION, UNIVERSITY OF MICHIGAN

Dr. SONGER. Despite the demands for a scientifically and techno-
logically literate public, the challenge to provide quality K-12
science education appears particularly pronounced. Research dem-
onstrates that between fourth and eight grade, American students'
achievement and understanding of complex science decline relative
to their peers internationally. For urban students, these declines
are even more dramatic, and in many inner-city classrooms, the
threat of failure fuels enormous pressure to perform well on high-
stakes tests causing an unnatural emphasis on teaching to the test
and other practices which research demonstrates do not result in
long-term learning.

From my viewpoint, this crisis is particularly interesting because
I believe my colleagues and I know a great deal about how to foster
the learning of complex science and other high-order thinking
skills, yet our research results are not having much direct impact
in today's classrooms.

What can be done to facilitate greater impact of learning re-
search on the practices in today's classrooms? I suggest four nec-
essary, but perhaps not sufficient, steps toward realizing this goal.

First, we need very specific kinds of long-term partnerships in
order to implement the challenging agenda. We need more govern-
ment-funded national research centers with particular focus on re-
alizing the impact of learning research in today's educational sys-
tems, from kindergarten through college undergraduates. These
centers must be guided by a leadership structure that is managed
by university educational researchers, yet has district superintend-
ents and discipline specialists, such as chemists, biologists, and
software engineers, as essential co-leaders.

The inclusion of university-based content specialists would both
ensure quality content in the K-12 program, as well as advance the
understanding of strong pedagogy at the university level, thereby
allowing greater direct impact of learning research on both K-12
and university-level teaching.

The Center for Learning Technologies in Urban Schools, a center
I am affiliated with that is funded by the NSF, is one exemplary
case of this model. We have directors that include two superintend-
ents, one each from Chicago and Detroit Public Schools, as well as
university researchers from Northwestern and Michigan. In gen-
eral, my work suggests that without an infrastructure, including
partnership research centers with specific co-leadership within and
outside the school districts, the learning theories cannot be appro-
priately translated into tangible products for schools.

Second, we need a much higher number of educational programs
that are created based on learning research as applied to classroom
settings. In terms of the learning fostered, these programs would,
for example, help children of poverty in urban Detroit investigate
scientific questions focusing on relevant and important scientific
events. Rather than encouraging children to memorize facts about
weather or animals, learning-driven programs guide children to
work alongside National Hurricane Center scientists in the pre-
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diction of a live hurricane off the coast of Florida, or in the inter-
pretation of species diversity data they have collected in their city
using Palm Pilots and the software of professional African animal
trackers.

The National Science Foundation supports the development and
research on many quality programs of this kind, however, very few
of these are reaching large-scale impact.

Third, large-scale impact requires long-term commitment from
school administrators, educational researchers, and teachers. The
Interagency Education Research Initiative, IERI, is one example of
a multi-agency initiative that provides several of the necessary in-
gredients toward the development of sustained relationships, re-
search agendas, and research-driven classroom impact. Our current
work funded under IERI holds more promise for impact in part be-
cause of the 5 years of large-scale funding, which allows us to build
and support several dimensions of the necessary infrastructure, in-
cluding long-term relationships with teachers, a 4-year coordinated
curricula, and a longitudinal research agenda tracking ten cohorts
of students for 4 years each.

Each run of our program, we implement the same program with
about 10,000 children in 250 classrooms coordinated across the
United States. With some variation, all of our teachers hold the
same larger learning goal, which is that learning involves collecting
and analyzing data, formulating questions about evidence, gener-
ating explanations from evidence, and connecting evidence to sci-
entific knowledge.

My fourth point is that we need learning-based programs that
work for a wide range of children. And in order to do this, we need
dissemination models that respect both high common standards
based on learning research and variations that allow adjustments
for particular classroom contexts and populations.

Recently, I discovered that a Detroit middle school class of 36
students was not able to participate in our science program because
there were only 17 chairs in the large closet-like room used for the
computer lab. As this simple example illustrates, my colleagues
and I know a great deal more about fostering learning in science
than is being realized into today's schools. As we embrace a global
economy in a technological world, all of our children, not just those
in more affluent schools and neighborhoods, need thinking skills
and literacies to participate as productive, informed citizens.

Even with the strong funding and research history we have been
fortunate to achieve in the current system, these understandings
will remain anecdotal and of small impact nationally without sys-
temic changes in the infrastructure and models of dissemination
needed to organize, translate, and implement them on a much larg-
er scale.

[The prepared statement of Dr. Songer follows:]
PREPARED STATEMENT OF NANCY B. SONGER

Parents, educators, politicians, and the general public agree that the crisis in
American education is severe. Despite the demands for a scientifically and techno-
logically literate public, the challenge to provide quality K-12 science education ap-
pears particularly pronounced. Research demonstrates that between fourth and
eighth grade, American students' achievement and understandings of complex
science decline relative to their peers internationally (Linn, Lewis, Tsuchida and
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Songer, 2000). For urban students these declines are even more dramatic and, in
many inner-city classrooms, the threat of failure fuels enormous pressure to perform
well on high-stakes tests causing an unnatural emphasis on "teaching to the test"
and other practices which research demonstrates do not result in long-term learn-
ing. As a teacher in a failing South Bronx school recently documented, the mantras
necessary to be a successful urban teacher have little to do with teaching and learn-
ing, but instead consist of "cover yourself" and "don't' ask, don't tell" (Kingon, 2001).

From my viewpoint, this crisis is particularly interesting because I believe my col-
leagues and I know a great deal about how to foster the learning of complex science
and other higher-order thinking skills, yet our research results are not having much
direct impact in today's classrooms. Researchers in reading education have made
good progress impacting classroom practice, and, in general, have outperformed
science and mathematics educators in realizing classroom impact from research re-
sults. The comments from a Michigan 6th grade teacher I interviewed this week
summarize the current thinking of many when she stated, "even kids that can solve
math problems or remember science facts have a difficult time thinking scientifically
or thinking conceptually about math. They have math and science beliefs, but they
really can't substantiate why they believe what they do."

What can be done to facilitate greater impact of learning research on the practices
in today's classrooms? I suggest four necessary, but perhaps not sufficient, steps to-
wards realizing large-scale impact of educational research in America's classrooms.

1. Partnership Research Centers
We need very specific kinds of long-term partnerships in order to implement this

challenging agenda. First, we need more government-funded national research cen-
ters with particular focus on realizing the impact of learning research in today's
educational systems, from kindergarten through college undergraduates. These cen-
ters must be guided by a leadership structure that is managed by university edu-
cational researchers, yet has district superintendents as essential co-leaders and Co-
PIs. In addition, the leadership team must include discipline specialists such as
chemists, biologists, mathematicians and software engineers. The inclusion of con-
tent specialists would both ensure quality content and technological resources in the
K-12 programs, as well as advance the understanding of strong pedagogy at the
university level thereby allowing greater direct impact of learning research on both
K-12 and university-level teaching. Leadership by educational researchers is also
essential in that it ensures that a quality research agenda will lead the iterative
improvements and implementation, allowing us to best learn from and understand
our learning outcomes, barriers, and the evolution of new ideas.

The Center for Learning Technologies in Urban Schools (LeTUS), a center I am
affiliated with that is funded by the National Science Foundation, is one exemplary
case of this model. Center directors include two superintendents, one each from both
the Chicago and Detroit Public Schools, as well as two university researchers, one
each from the partner universities of The University of Michigan and Northwestern
University. Center work focuses on the direct translation of learning research into
the development of tangible programs, models of professional development, and stu-
dent outcomes. While this example specifically addresses impact within urban
schools, different manifestations of this model might emphasize different foci and
might not necessarily remain focused on a particular geographic region.

In general, my work suggests that without an infrastructure including partner-
ship research centers with specific co-leadership both within and outside the school
districts, the learning theories can not be appropriately translated into tangible
products for schools.
2. Congruence between Testing, Pedagogy, and Curricula Towards Impact

We need a much higher number of educational programs that are created based
on learning research as applied to classroom settings. These programs, while mani-
festations of what we know about how children learn, would also strive to align with
state and district curricular frameworks and high-stakes tests so as to be usable by
schools that are working within these guidelines.

In terms of the learning fostered, these programs would, for example, help chil-
dren of poverty in urban Detroit investigate scientific questions focusing on relevant
and important scientific events. Rather than encouragingchildren to memorize facts
about weather or animals, learning-driven programs guide children to work along-
side National Hurricane Center scientists in the prediction of a live hurricane off
the coast of Florida, or in the interpretation of species diversity data they have col-
lected in their city using Palm Pilots and the software of professional African ani-
mal trackers.
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The National Science Foundation supports the development and research on many
quality programs of this kind in science and mathematics. However, very few of
these reach large-scale impact. While my colleagues and I represent a handful of
such boutique programs, my program, titled Kids as Global Scientists, currently, I
believe, has the largest impact of these in schools, and we have worked with only
46,000 middle school children in the past three years. Once programs such as ours
have proven successful in many schools, we need much stronger mechanisms for
helping these programs to become available and supported on a wide scale, so that
they can impact millions of learners rather than thousands.
3. Longevity of Working Relationships, Reforms and Research

Large-scale impact requires long-term commitment from school administrators,
educational researchers, and teachers. Implementing this change would require a
reexamination of most current funding cycles, which provide funding for only three
years at a time, a formula that disallows much opportunity to build long-term rela-
tionships or sustaining programs and research agendas.

The Interagency Education Research Initiative (IERI) is one example of a multi-
agency initiative that provides several of the necessary ingredients towards the de-
velopment of sustained relationships, research agendas, and research-driven class-
room impact. IERI was developed to provide concrete examples of the impact of
learning-focused research on the practice within schools. Developed by an inter-
agency team consisting of the National Science Foundation (NSF), the Department
of Education's Office of Educational Research and Improvement (OERI), and the Na-
tional Institute of Child Health and Human Development (NICHD), IERI serves as
an important model of the kinds of funding structures needed for the challenges
ahead. Our current work funded under IERI holds more promise for impact in part
because of our five years of large-scale funding which allows us to build and support
several dimensions of the necessary infrastructure including relationships with
teachers, a four-year coordinated curricula, and a longitudinal research agenda
tracking ten cohorts of students for four years each.

Why is longevity important? Our research demonstrates that while most our
teachers notice gains in student beliefs and understandings of science after utilizing
our programs one or two years, our teachers state that they do not feel completely
comfortable guiding scientific thinking until about the third year of implementing
our programs. This is consistent with much of educational research, such as results
that document that a change in teachers' beliefs precedes a change in teachers' prac-
tice. Learning research also advocates curricula programs with more time on fewer
concepts so that understandings such as fostering complex scientific thinking can
develop. Our program utilizes a mull-year, coordinated curricular sequence in
science that supports childrens' revisiting of scientific thinking skills such as build-
ing explanations from evidence each year with increasing complexity. Similarly, the
research program tracking the developing of complex thinking in science should fol-
low students for several years through these mull-year, coordinated programs.
4. Digital Library of Working Exemplars or Other Centralized Systems of Dissemina-

tion That Encourage Classroom-Level Customizations of Similar Goals
Each run, we implement the "same" program with about 10,000 children simulta-

neously in about 250 classrooms coordinated across the United States. While I have
not personally visited each of these classrooms, I believe I can say with confidence
that each teacher implements our program in an unique way, depending on the age,
learning style, level of homogeneity, type of community, state testing structure, and
district and school constraints placed on that individual and classroom. Interest-
ingly, I believe all of our teachers hold the same larger goal as we do which is to
help their children learn to think scientifically about weather or biodiversity. I think
we all also agree, with some slight variations, that "learning scientifically" involves
a kind of thinking far beyond reading middle school science textbooks or the memo-
rization of animal facts and includes: collecting and analyzing data, formulating
questions about their evidence, generating explanations from evidence, and con-
necting evidence to scientific knowledge through real-time predictions.

Recognizing the need for quality, learning-based programs that "work" for a wide
range of children, we need dissemination models that respect both high common
standards based on learning research, and variations that allows adjustments for
particularly classroom contexts and populations. As one example, while we wish all
children to improve their ability to thinking critically in science, research on learn-
ing in urban classrooms helps us understand that the professional development pro-
gram needed to specifically challenge "the go of poverty" common in urban
classrooms is different in important ways Cd ufrom the professional development pro-
gram needed to foster learning within another focus population. Research also helps
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us understand that teachers need buy-in, and an important way to ensure this is
to demonstrate the manner in which a particular program has been adapted to-
wards the specifics of their context and learners.

One manifestation of this dissemination model that several of my colleagues are
working towards is the development of a systematic digital library of working
exemplars. Other countries, such as Japan, provide centralized systems for life-long
teacher professional development consistent with current research findings. We
need, at a minimum, a digital library of video clips, lesson plans, facilitated Internet
discussions and other resources that begin to articulate and exemplify classroom
manifestations of current research ideas. An even stronger version of this idea
would involve the systematic development of online courses, offered through centers
such as the LeTUS center mentioned above, for in-service and pre-service teachers'
ongoing discussion of pedagogical practices current with educational research.

Summary
Recently, I discovered that a Detroit middle school class of 36 students was not

able to participate in our science program because there were only 17 chairs in the
large closet-like room used for the computer lab. As this simple example illustrates,
my colleagues and I know a great deal more about fostering learning in science than
is being realized in today's schools. As we embrace a global economy and a techno-
logical world, all of our children, not just those in more affluent schools and neigh-
borhoods, need thinking skills and technological fluency to participate as productive,
informed citizens. Educational programs such as ours that develop and research
best means for the development of these literacies, as well as foster them early,
often, and systematically over time, contribute to the understandings we need to
support all our children in their quest to embrace their future and succeed. But
even with the strong funding and research history we have been fortunate to
achieve in the current system, these understandings will remain anecdotal and of
small impact nationally without systemic changes in the infrastructure and models
of dissemination needed to organize, translate, and implement them on a much larg-
er scale.
Linn, M.C., Tsuchida, L., Lewis, C. and Songer, N.B. (2000) Beyond Fourth Grade

Science: Why do US and Japanese students diverge? Educational Researcher
29(4), 4-14.

Kingon, J.G. (2001) A View From the Trenches. The New York Times. Education
Life Supplement. Also available at: http://www.nytimes.com/2001/04/08/edu-
cation/08ED-KING.htral?pagewanted=a11.
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Deer Chairman Bedded,

Noted below are the federal government grants, awarded under my direction, that directly support the
subject matter 1 will be addressing at the May 10e hearing:

2001-2005 BioKIDS: Kids' Inquiry of Diverse Species. Interagency Education
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Please let me know if you have additional questions.

Sincerely.

Dr. Nancy Butler Sonar
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STATEMENT OF DR.. CHRIS DEDE, TIMOTHY E. WIRTH PRO-
FESSOR OF LEARNING TECHNOLOGIES, HARVARD UNIVER-
SITY
Dr. DEDE. I am going to describe learning technologies research,

but that is as a stalking horse for almost any kind of educational
research intervention. One sort of critical lack of knowledge deals
with the conditions for success under which a promising research
initiative can actually be implemented in the real world.

I want you to image somebody dropping a vial of antibiotics into
a stone-age culture without any instructions about how to use
them. Some people would worship the vial of antibiotics. Some peo-
ple would grind them up and smear them all over their bodies.
Some people would take all the antibiotics at once. Probably rel-
atively few would figure out to take one every 4 hours or so. Now,
here is a powerful technology, but it is a technology that only
works if it is used under a particular set of conditions for success.
And typically, interventions in educations, technological or not,
have complex conditions for success. They are not like immuniza-
tions, where once you just get the immunization you are covered.
They are far more complex than antibiotics or most of the other
kinds of public health interventions that we look at.

Now, American business in the 1980's faced a similar sort of situ-
ation with information technology. People were implementing com-
puters, they were doing data processing of different kinds, and the
productivity gains were not happening. There were articles appear-
ing in business journals, at that time, wondering whether this
whole emphasis on information technology was a huge mistake.
But because business persisted and sorted out the conditions for
success and made the kinds of organizational changes that were re-
quired for those technologies to be powerful, we now have some of
the economic prosperity that we have seen over the last decade.

And we are at a comparable kind of situation in education now.
It is not a matter of the technology is not being powerful. It is a
matter of understanding how the organizations must change to cre-
ate the conditions for success. And research on that is extremely
important and it can't be conducted in the laboratory settings. It
has to be conducted in real-world implementations.

Now, there are some good precursor models of how the govern-
ment can do this. There are funding programs that my colleagues
have cited, that are part of the charge to the Committee, that are
promising. In terms of those approaches, there are centers that the
NSF has funded, such as the Center for Learning Technologies in
Urban Schools, that Nancy was describing, that have walked down
this path. There are proposals about research agendas that have
been made that bring this in. And in my written testimony, I talk
about those issues.

I want to make five recommendations on creating centers of that
type. The first is, that the centers really need to be problem-fo-
cused. It would be a mistake to have a center, say, on neuro-
sciences in education or cognitive sciences in education, not be-
cause that isn't an important topic, but because that leads it in a
basic research direction. If we say that we want a center on the di-
agnostic student assessment, that takes something that every
teacher wrestles with every day and focuses neuroscience, cognitive
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science, a wide variety of basic research areas, on that problem. So
making them problem-focused is very important.

The second is that the centers need to be adequately funded.
These are not problems that are going to be solved in 2 months or
2 years. It is going to take time. It is going to take scale. And it
is going to take a level of focus on educational research that we
haven't historically seen.

The third is that the centers really need to build capacity. Right
now, if a huge amount of money were thrown into educational re-
search of this type, there would not be a sufficient body of re-
searchers trained to do it well to accomplish these goals. Often, the
kinds of research training that people receive are very much to-
ward basic research, rather than this kind of use-driven basic re-
search. And capacity-building needs to be part of the design of the
centers so that a whole generation of young researchers can come
up capable of doing this kind of work.

The fourth recommendation is that these not be done through di-
rected appropriations. These are centers that should be competi-
tively awarded based on the quality of the ideas presented.

And the fifth is that this is not the kind of initiative that can
be done through decentralizing into the states and using a block
grant mechanism. These are centers that need to be at the Federal
level, because only at the Federal level can the kind of concentra-
tion of resources and the community of mind take place to make
these centers happen.

Finally, if everything that I have said has been done, there still
is a more fundamental problem that is a context within which this
initiative is being considered, and that is a problem with a mis-
guided reform strategy that is now taking place in education.

I want you to imagine the problem a public health official might
face if there was a mandate given to the American people that
every person had to eat 5,000 calories a day. And so here we are,
all of us are stuffing in, getting in our 5,000 calories, and then
someone comes along and says, well, why are you eating so many
fats? Why aren't you eating more fruits and vegetables? Well, I
have got to get my 5,000 calories a day, and fats are the quickest
way to do it. Well, why aren't you exercising more? We know exer-
cise is good for you. Well, it is hard for me to find time for exercise.
I have got to spend all this time eating.

Well, we are giving our teachers 27 years' worth of content in the
curriculum standards to teach in a 12-year period. We are telling
them to teach higher-order skills and yet we are using low-level
testing mechanisms. And then we are saying, well, why aren't you
paying attention to research? The research centers will only work
if there are also more fundamental changes in how we think about
reform. Thank you very much.

[The prepared statement of Dr. Dede follows:]
PREPARED STATEMENT OF CHRIS DEDE

Creating Research Centers to Enhance the Effective Use of
Learning Technologies

Emerging information technologies, such as the Web, are reshaping education in
several ways. As sophisticated computers and telecommunications alter the nature
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of work and citizenship, the skills and concepts students must attain to be produc-
tive adults in 21st century society are changing. Also, in ways not possible until
now, pupils and teachers can use new interactive media to enhance their learning
in school and out. Further, researchers and educators who foster the dissemination
of best practices can utilize information technology to form virtual communities of
practice that empower reforms in schooling. Overall, rapidly evolving information
devices, tools, media, and infrastructures are transforming what we learn, how we
acquire this knowledge, and the processes by which we evolve our educational insti-
tutions.

This analysis focuses on how federal initiatives in funding educational research
could advance the effective use of learning technologies to improve students' edu-
cational outcomes and the organization of schooling. Educational research is vital
to ensure that school reform initiatives are reflective, ongoing processes of con-
tinuing improvement rather than occasional spasms of discontinuous and
unsustainable change. Federal funding both for research centers and for competitive
grants to individual projects is essential to provide a diverse "ecology of innovation"
from which the best strategies for educational improvement emerge.

This testimony first analyzes what we know about the effective use of learning
technologies; their importance in preparing students for the 21st century knowledge
based economy; the rapid evolution of these devices, tools, and media; and issues
in evaluating the effectiveness of learning technologies. Then, answers to three
questions are provided:

How can policy makers help prepare schools and teachers to use learning tech-
nologies effectively in classroom instruction and student assessment?
Would standards for and evaluations of technology-based learning experiences
help teachers find high quality curriculum materials?
Could well-structured research centers linking scholars with education practi-
tioners develop and evaluate effective technology-based learning experiences?

The testimony concludes with recommendations for federal policy initiatives to in-
crease the effective development and implementation of learning technologies.

What We Know about the Effective Use of Learning Technologies
Sophisticated computers and telecommunications, including the Web, are reshap-

ing the mission, objectives, content, and processes of U.S. schooling (Dede, 2000).
This is part of a larger shift in our society from a 20th century mature national in-
dustrial economy to a 21st century interconnected, knowledge-based global market-
place (Dertouzos & Gates, 1998). Driven by advances in information technology, this
economic evolution is the most radical change in American society since the dawn
of the industrial revolution (Thurow, 1999). In response, all types of societal institu-
tions are alteringeven schools and colleges. Since one of education's goals is to
prepare students for work and citizenship, schools, universities, States, and the fed-
eral government are all attempting to change their policies and practices to prepare
pupils and teachers for an uncertain future context quite different than the imme-
diate past (Tucker & Codding, 1998).

The issue is not simply aiding more students to reach a higher standard of
achievement in today's curriculum (e.g., having all pupils take algebra rather than
some, or raising everyone's scores on high-stakes tests to passing levels). While
these goals are desirable, such improvements in traditional educational outcomes
axe inadequate to prepare pupils for 21st century civilization (Dede, 1998a). All stu-
dents also need to master higher-order cognitive, affective, and social skills not cen-
tral to mature industrial societies, but vital in a knowledge based economy
(Drucker, 1994). These include 'thriving on chaos' (making rapid decisions based on
incomplete information to resolve novel situations); the ability to collaborate with
a diverse teamface-to-face or across distanceto accomplish a task; and creating,
sharing, and mastering knowledge through filtering a sea of quasi-accurate informa-
tion (Peters, 1997). To raise all students to these advanced levels of accomplishment
requires the sophisticated use oftechnology to individualize learning.

This means that the school curriculum must contain excellent, effective learning
experiences that foster the development of this sophisticated knowledge. Also, teach-
ers both must have these higher-order skills and must inculcate them in students.
These capabilities for knowledge creation, sharing, and mastery go beyond the tech-
nical literacy many States are now requiring for teachers in preparation and in
practice. Skills such as using databases, designing web pages, and troubleshooting
hardware problems are useful for educators and should be part of teacher prepara-
tion and professional development. However, these technical capabilities are most
valuable when fostered in the context of helping educators making rapid decisions
based on incomplete information to resolve novel situations, collaborate, and filter
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quasi-accurate information in their professional work. This ensures that information
technology is mastered as a means to an end (e.g., communal knowledge-based deci-
sion making) rather than as an end in itself. When pupils learn from a teacher with
these higher order capabilities, using a curriculum based on developing 21st century
skills and knowledge, students not only master technology literacy skills, but also
successfully apply these to complex, authentic projects that involve knowledge cre-
ation, sharing, and mastery.
How Learning Technologies Can Prepare Students for the 21st Century

Just as information technology has improved effectiveness and efficiency in medi-
cine, finance, manufacturing, and numerous other sectors of society, advanced com-
puting and telecommunications have the potential to help all students. and teachers
learn complex concepts and skills (President's Committee of Advisors in Science and
Technology, 1997). Emerging interactive media reach their full potential in service
of richer curricula, enhanced pedagogies, more effective organizational structures,
stronger links between schools and society, and the empowerment of disenfranchised
learners (Trotter, 1998). However, learning technologies are worth the time, effort,
and resources required for widespread implementation only when they are used ap-
propriately. Technology is not a 'vitamin' whose mere presence in schools and teach-
er preparation programs catalyzes better educational outcomes.

Sophisticated computers and telecommunications have unique capabilities for en-
hancing learning (Dede, 2000). These include:

Enabling the learning of advanced content by a broader range of students ear-
lier in their developmental progression (Horwitz, 1999; Roschelle, Kaput, &
Stroup, 2000).
centering the curriculum on 'authentic' problems parallel to those adults face
in real-world settings (Cognition and Technology Group at Vanderbilt, 1997)
involving students in virtual communities-of-practice, using advanced tools
similar to those in today's high-tech workplaces (Line, 1997)
facilitating guided, reflective inquiry through extended projects that inculcate
sophisticated concepts and skills and generate complex products (Schank,
Fano, Bell, & Jona, 1994).
utilizing modeling and visualization as powerful means of bridging between
experience and abstraction (Gordin & Pea, 1995)
enhancing students' collaborative construction of meaning via different per-
spectives on shared experiences (Char, Burtis, & Bereiter, 1997)
including pupils as partners in developing learning experiences and gener-
ating knowledge (Scardamalia & Bereiter, 1994)
fostering success for all students through special measures to aid the disabled
and the disenfranchised (Behrmann, 1998)

However, realizing these capabilities requires a complex implementation process
that includes sustained, large-scale, simultaneous innovations in curriculum; peda-
gogy; assessment; professional development; administration; organizational struc-
tures; strategies for equity; and partnerships for learning among schools, businesses,
homes, and community (Dede, 1998b).

Learning experiences that use the full capabilities of today's computers and tele-
communications have a number .of common characteristics. Students and teachers
engage in guided, reflective inquiry through extended projects that generate complex
products and inculcate sophisticated concepts and skills. Pupils act as partners in
developing learning experiences and generating knowledge. Through interactions
both inside the classroom and with distant archives and experts, their collaborative
construction of meaning is enhanced via different perspectives on shared experi-
ences.

These points can be illustrated by briefly describing an exemplary technology-
based learning experience developed through the University of Michigan's Center for
Highly-Interactive Computing in Education. A curriculum, ScienceWare, supports
students as they investigate water quality issues in their community and link those
data to national scientific investigations (Jackson, Stratford, Krajcik, & Soloway
1996). ScienceWare has tools that support all phases of students' investigations:
data gathering (RiverBank); data visualization (Viz -It); modeling (Model-It); project
planning for students (PlanIt-Out); publishing findings on the Internet (Web -It);
and project planning for teachers (PIViT). Of these, the Model-It tool best illustrates
the unique contributions information technology can make to learning and the ways
a well designed application can generalize across a wide variety of curricular sub-
jects.
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Figure 1 depicts the World View, one of the two main representations provided
by Model-It. [All figures are presented in the Appendix to this testimony.] In this ex-
ample, the World View's background is an actual photo of Traver Creek, a stream
behind a high school in Ann Arbor, Michigan at which a 9th grade science class ex-
plored the creek's water quality. The icons at the bottom of the window are objects
that can be inserted into the World View (e.g., 'weather', a 'people' icon representing
humans fertilizing the park that borders on the stream). When it rains, fertilizer
from. the park gets washed into the stream, changing its levels of nitrates, dissolved
oxygen, water quality, etc. Figure 1 also illustrates what students see as they run
their model. Meters and graphs provide rich visualizations of the dynamics of the
model. In addition, an independent variable's meter (in this case the Weather Rain-
fall factor) can be used to change the simulation during run-time.

To construct a model, students must create 1) objects ("things" in the model, such
as insects, streams, people); 2) factors (variables related to the objects created); and
3) relationships among objects' factors. In the Relationship Editor window, students
build a relationship by constructing a sentence via selecting words from drop-down
menus. For example, in figure 2 a student is building a relationship between the
nitrates (a factor) in the stream (an object) and the stream's water quality (a factor):
'As Stream: Nitrates increase, the Stream: Water Quality increases, by more and
more.' Notice that the graph on the right-hand side is linked to the text expression,
altering in response to any changes in the sentence. The graph can help students
to bridge qualitative and quantitative representations; Model-It's underlying com-
putational architecture uses_ differential equations to actualize students' qualitative,
textually expressed relationships.

In a detailed study, Stratford, Krajcik, and Soloway (1997) analyzed final models
from 50 students, as well as videotaped conversations and interviews with 8 pairs
of those students as they built models of stream ecology. Fully 75% of the models
analyzed were scientifically meaningful. Students created models that were coher-
ent, accurate and well behaved; their models made sense and were non-trivial. For
example, figure 3 shows a model created by 2 ninth grade students. These models
indicated that the students knew what they were doing and were able to express
what they knew about stream ecosystem phenomena in the form of a dynamic
model.

Modeling is an important skill that underlies many topics in the curriculum be-
yond science and mathematics. For example, social scientists, historians, and econo-
mists use models to understand dynamic changes in their fields' phenomena. While
the rules underlying these models may not be as precise and well understood as sci-
entific equations, qualitative modeling tools developed for learners can help students
understand alternative ways of explaining complexity in the 'human sciences' and
can aid their participation in virtual communities of practice. Also, the 'concept
maps' exemplified in figure 3 can facilitate representations of interrelationships in
many curricular areas, as illustrated by Landow's teaching of English literature
(Landow, 1992).

In summary, the effective use of learning technologies centers on fostering the
knowledge and skills students need for work, citizenship, and self-actualization in
the 21st century knowledge-based economy. By enabling sophisticated pedagogies
that focus on guided learning-by-doing, collaborative learning, and mentoring in vir-
tual communities of practice, learning technologies empower teachers to inculcate
deeper content and more complex skills in a wider range of students earlier in their
intellectual development. Beyond Science Ware, recent thoroughly evaluated illustra-
tions of such curricular materials include:

Math Worlds: teaching qualitative calculusthe mathematics of changein
middle schools as a precursor to algebra (http:11www.simcalc.urnassd.edu
(Roschelle, Kaput, and Stroup, 2000)
BioLogica: teaching college-level genetics in urban middle schools (http: / /
www.concord.org I biologica /) (Horwitz, 1999)

These types of complex projects require almost a decade of support for develop-
ment and implementation, a funding stream difficult to achieve under current fed-
eral mechanisms for awarding grants.

An extensive listing of the many curriculum projects exemplifying effective use of
learning technologies for instruction and assessment is beyond the scope of this tes-
timony. An excellent compilation is delineated in the just-released National Acad-
emy of Sciences report, Knowing What Students Know: The Science and Design of
Educational Assessment http:11 www.nap.edu / books 103090727271html 1 (Pellegrino,
Chudowsky, and Glaser, 2001).
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The Likely Evolution of Computers and Telecommunications Over the Next Decade
Thus far, this testimony has discussed the implications of using all the features

of today's information technologies. However, information technology presents a rap-
idly moving target in its capabilities to enhance human activities. Too often, federal
and State planning mistakenly assumes that computers and telecommunications
equivalent to yesterday's information technology will infuse society and schools far
into the future. The result is learning technologies policies obsolete almost as soon
as they are formulated, because they are based on older types of information tech-
nology.

Notice that, for Science Ware and many similar technology-intensive curricular ap-
plications, the Web and Internet are just part of the technology infrastructure need-
ed. Other components can include hand-held devices (such as Palm PilotsTM,
graphing calculators, or even Nintendo Game BoysTM), home videotape players and
camcorders, and cable television (soon to become digital, interactive television). In
its deliberations, the Congress should consider the overall "web" of information tech-
nologies and not just the World Wide Web or the Internet.

Strategic planning and policy making requires going beyond present-day tech-
nologies to project future developments. Below is a list of devices, media, and virtual
contexts enabled by sophisticated information technologies, along with the author's
estimates of a conservative time frame for their technological and economic feasi-
bility.

Functionality

Hypermedia (nonlinear tra-
versal of multimedia
information)

Cognitive audit trails
(automatic recording of
user actions)

Computer-supported coop-
erative work (design,
problem solving, deci-
sion support)

Intelligent tutors and
coaches for restricted
domains

Optical-disc systems with
multiple read/write and
mixed-media capabili-
ties

Standardization of com-
puter and telecommuni-
cations protocols

User-specific, limited-vo-
cabulary voice recogni-
tion

High quality voice syn-
thesis

Sophisticated authoring
and user interface
management systems

Widespread high-band-
width fiber-optic and
wireless networks

Fusion of computers, tele-
communications

Uses Time Frame

Inter linking of diverse subject matter; easier con- Current

ceptual exploration, multiple simultaneous rep-
resentations for learning

Support for finding patterns of sub-optimal per- Current
formance

Facilitation of team task performance Current

Models of embedded expertise for greater individ- Current

ualization

Support of large databases; cheap secondary stor- Current

age; shared distributed virtual environments

Easy connectivity, compatibility; lower costs

Restricted natural language input

Current

Current

Auditory natural language input Current

Easier development of applications; reduced time Current

for novices to master a program

Massive real time data exchange 2 years

Easy interconnection; universal "information appli-
ances"

3-5 years
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Functionality Uses Time Frame

Information "utilities" Access to integrated sources of data and tools for 3-5 years

(synthesis of media, assimilation

databases, and com-
munications)

Microworlds (limited, al- Experience in applying theoretical information in 3-5 years

temate realities with practical situations

user control over

rules)

Semi-intelligent computa- Support for user-defined independent actions 5-7 years

tional agents.embedded
in applications

Advanced manipulatory Mimetic learning which builds on real world expe- 5-7 years

input devices (e.g., rience

gesture gloves with
tactile feedback)

Artificial Realities Intensely motivating simulation and virtual expert -- 7-10 years

(immersive, multisen- ence

sory virtual worlds)
"Information appliance" Sufficient power for simultaneous advanced 7-10 years

performance equivalent. -functionalities
to current supercom-
puters

Consciousness sensors Monitoring of mood, state of mind 7-10 years

(input of user bio-
feedback into com-
puter)

Artifacts with embedded Inclusion of smart devices in real world settings 2010+

semi-intelligence and
wireless interconnec-
tions

Moving rapidly to use all the capabilities of emerging learning technologies is im-
portant for at least three reasons. First, new devices, tools, media, and infrastruc-
tures are more powerful, more reliable, more portable, and less expensive than cur-
rent computers and telecommunications. For example, the costs of school computing
will drop as next generation personal digital assistants (such as PalmPilotsTM) with
wireless capabilities can accomplish many tasks that now require a much more ex-
pensive desktop computer with a hard-wired Internet connection. This migration to
smaller, less expensive devices potentially provides powerful leverage in remediating
the digital divide.

Second, next generation 'information appliances' and video games in homes, if
repurposed for education, can help build partnerships for learning between teachers
and families. This is vital because parental and community involvement is certainly
one of the most powerful levers for increasing any student's educational perform-
ance. Third, teacher preparation should prepare students for at least a decade of
work before substantial retraining is necessary. However, this is possible only if
teacher preparation institutions use high-end information technologies to illustrate
sophisticated capabilities.

Unfortunately, State policies often retard the adoption of new educational tech-
nologies. For example, State educational technology initiatives are frequently hob-
bled by designing experiences that all districts can access, even those with obsolete,
low-end computers and telecommunications that cannot support advanced
functionalities. For reasons of equity, enabling universal participation is important,
but over time the 'floor' that States will support in its initiatives should steadily ad-
vance in capabilities. This ensures that schools pushing the 'ceiling' receive value
for the advanced technologies they have implemented, and districts that are lagging
have an incentive to move forward.

Also, States often provide programs for districts to improve their technology infra-
structures, but typically do not include teacher preparation institutions in these ini-
tiatives. Relying on higher education institutions to provide appropriate funding for
schools of education to acquire sophisticated learning technologiesand teacher
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preparation faculty to do battle on their campuses to receive special resources for
technologyis unlikely to produce sufficient infrastructures at many institutions.
Teacher preparation is frequently low on the totem pole of university technological
investments, and federal funding alone cannot redress the difference.

How States and the federal government measure success in implementing tech-
nology also can hold back the adoption of sophisticated computers and telecommuni-
cations. A low-level indicator, such as the ratio of students to computers, often pre-
sents an overly favorable picture of technology infrastructure. Only when old, inad-
equate devices are counted differently than modern computers with advanced capa-
bilities does a true picture emerge. Similarly, enumerating the number of schools
connected to the Internet overestimates useful implementations; counting high-
bandwidth connections to individual classrooms with low student-computer ratios is
much accurate.
Evaluating the Effectiveness of Learning Technologies

Uverall, evaluating the effectiveness of current and emerging learning tech-
nologies is complex, because such an assessment is possible only when the condi-
tions for successful implementation are met. An analogy to medical technologies can
be made, using the contrast between an immunization and a controlled longitudinal
administration of antibiotics. To be effective, the immunization needs only to take
place. In contrast, the antibiotics must be taken at the prescribed dosage, with the
prescribed time intervals in-between, for the prescribed amount of time. If these
conditions kr success are not met, the antibiotics may well be ineffective, even
though this medical technology is a powerful intervention when utilized properly.

The conditions for success of learning technologies in schools are much more com-
plex than fdi the use of antibiotics in medicine. These essential conditions include
complementary shifts in curriculum; pedagogy; assessment; professional develop-
ment; administration; organizational structures;* strategies for equity; and partner-
ships for learning among schools, businesses, homes, and community (Dede, 1998b).
Moreover, the beliefs, attitudes, and values of users are vital to the effectiveness of
learning technologiesas opposed to medical technologies such as immunizations
and antibiotics. Education is more like public health than medicine and presents
challenges similar to public healthin moving basic research findings into everyday
practice.

One reason that frequent pronouncements are made about the ineffectiveness of
learning technologies is that preparing schools and teachers to use learning tech-
nologies well is a challenging process. Many of the critics of educational technology
are citing implementation methods equivalent to grinding up antibiotics and smear-
ing them over one's body, or taking the entire dose at once, or worshiping the pills
rather than using them. Had American business been discouraged by similar early
ineffective 'applications of information technology in those organizational settings
and had given up on desktop computers and the Internet before learning to create
their conditions for success in a corporate context, a vital component of the last dec-
ade's economic prosperity would have been lost. Creating policy frameworks that
foster the development of powerful learning technologies, the delineation of condi-
tions for' their successful implementation, and the preparation of teachers and
schools- for .effective usage is crucial for improving students' educational outcomes
and educators' ability to innovate in response to the demands of 21st century civili-
zation.
Preparing Schools and Teachers to Use Learning Technologies Effectively
How can policy makers help prepare schools and teaches to use learning technologies
effectively in classroom instruction and student assessment?

Utilizing the full potential of today's computers and telecommunications to aid
student and teacher learning requires developing and implementing project-based
curricula similar to ScienceWare across a wide range of subject matters. Educators
are far from accomplishing this, due more to psychological, political, and cultural
issues than to technical or economic feasibility. For example, current State policies
frequently impede this type of curricular innovation. States' curriculum standards
and assessments vary greatly, but often overemphasize low-level procedural skills
and recall of a wide range of facts, rather than stressing high-level capabilities for
knowledge creation, sharing, and mastery (French, 1998). Because educators must
race through a huge body of presentational material to meet such State standards,
this precludes teachers from using project-based curricula like ScienceWare that em-
phasize deep mastery of core knowledge and complex procedures, including capabili-
ties for learning factual information and low-level skills as needed. This situation
is worsened by many States' mandating high-stakes tests that center on recall and
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recipe-following, rather than performance based accomplishment of higher level
tasks (Linn, 1999).

Further, successfully implementing new educational approaches in typical class-
rooms is very challenging. This is particularly true for technology-based innovations,
in which the cost of computers and telecommunications, their rapid evolution, and
the special knowledge and skills required of their users pose additional challenges
in effective utilization (Dede, 1998b). Many research-based curriculum development
projects foster a few isolated innovation sites, then disappear. Needed are clinical,
applied studies on adapting exemplary innovations via reflective interplay between
basic research and practice, a bi-directional process that helps both sides evolve to-
ward increasingly sophisticated objectives (Sabelli & Dede, in preparation). In such
a relationship, implementation is not the blind adoption of recipes and materials for
innovation developed by others, but instead the reflective adaptation of a process
that enabled a similar group to succeed in improvements actualized somewhere else
(Dede, 1999). However, many States have policies that implicitly assume teachers
and districts will find and adapt best practices without special incentives or re-
sources. This typically leads to educational stagnation.

In addition, project-based pedagogy is particularly challenging for new teachers,
who are struggling to master instructional and classroom management strategies.
If entry-level teachers are to use learning technologies to their full potential, a thor-
ough preparation in sophisticated, technology-based instructional approaches is vital
in teacher preparation programs. However, State technology standards typically do
not address this issue. Instead, technology use is frequently described in such vague
terms that a teacher using drill- and -skill applications is considered as well prepared
under State standards as one using a sophisticated curriculum such as Science Ware.
Too often, the result of this failure of States to specify how technology alters content
and pedagogy is that only low-level uses of technology are incorporated into teacher
preparation and professional development programs.

Overall, current regressive strategies widely utilized for educational "reform" pose
the most substantial barrier to schools and teachers using learning technologies ef-
fectively, as well as worsening inequities in our society by penalizing students who
have atypical learning styles that require non-presentational pedagogies. Based on
curricula such as ScienceWare, professional development for educators that moves
beyond technical literacy and curriculum integration into reconceptualizing content,
teaching; learning, and assessment is certainly important. However, even teachers
with all these skills are now severely handicapped in using learning technologies
well because they must race through a huge body of presentational material to meet
broad, shallow State curriculum standards and prepare their students to do well on
low-level, high-stakes tests.
Would standards for and evaluations of technology-based learning experiences help
teachers find high quality curriculum materials?

Standards for and evaluations of technology-based learning experiences could im-
prove educational practice to some extent. Teachers can always benefit from infor-
mation about ways to improve their practice, just as physicians can benefit from in-
formation about effective new medical interventions. Of course, if a Health Mainte-
nance Organization prohibits its physicians from taking advantage of medical break-
throughs, the impact of these advances on their patients is slight. Almost all teach-
ers now find themselves in situations where the effective use of learning tech-
nologies is actively discouraged, due to a flawed model of educational "reform," so
additional information about technology's effectiveness will have little leverage in
improve educational outcomes and innovation. Until our society evolves a more so-
phisticated approach to educational improvement than "teaching by telling, learning
by listening, and testing until they get it right," automating current practices with
technology will have marginal benefits.

What is needed is not a regression away from standards and accountability, but
"second generation" curriculum standards emphasizing mastery of core knowledge
and skills, coupled with diagnostic, formative assessments that over time provide a
sophisticated summative evaluation of student progress. The National Academy of
Sciences report on student assessment (Pellegrino, Chudowsky, and Glaser, 2001)
paints a compelling picture of illustrative technology-based learning environments
and student assessments that are precursors to this model of innovation. Delin-
eating this evolution of standards and assessments in detail is beyond the scope of
this testimony; yet such a shift in educational reform strategies is needed before ef-
fective technology-based learning environments can be profitably marketed by edu-
cation businesses, practically implemented by teachers, and sustainably incor-
porated by schools.
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Creating Research Centers for Developing and Evaluating Learning Tech-
nologies

Could well-structured research centers linking scholars with education practitioners
develop and evaluate effective technology-based learning experiences?

Donald Stokes' book, Pasteur's Quadrant: Basic Science and Technological Innova-
tion (Stokes, 1997), presents a compelling case for organizing federal research efforts
in a manner that links basic research to the solution of practical problems of con-
cern to society. The book's title and its central thesis were inspired by the work of
Louis Pasteur, the French microbiologist who made a series of major theoretical
breakthroughs by analyzing the causes and solutions of applied problems faced by
farming and industry. Stokes argues that the federal government should fund pri-
marily "use-driven" basic researchas opposed both to "pure" curiosity-driven basic
research or to applied research absent a conceptual framework (e.g., Thomas
Edison's work)-and presents numerous examples and suggestions to support his
strategy. Do Stokes' ideas generalize beyond science into education?
The Limits of Curiosity-Driven Basic Research

Insights from many exciting federal education research programs and projects
have not resulted in pervasive, widely accepted, sustainable improvements in actual
classroom practice; in a critical mass of effective models for educational improve-
ment; or in supportive interplay among researchers, schools, families, employers,
and communities (Sabel li & Dede, in preparation). The lack of sustainable innova-
tions arising from such research is consistent with Stokes' analysis of the implemen-
tation problems basic research faces when not grounded in issues of practice. Even
when education research deals with the right issues, too often its results remain in-
visible outside of the scholarly community. The root causes of this shortfall rest par-
tially with scholars themselves; partially with the agencies that fund educational re-
search; partially with the distributed, loosely coupled nature of the educational sys-
tem; and partially with a "quick fix with a silver bullet" mindset in our culture.
Also, because policy makers are slow to take into account fundamental changes tak-
ing place in the context of educational practice, their actions often erroneously as-
sume a dormant societal and educational environment.

Integrating current research on important pieces of the educational puzzle into
next-generation, overarching models of innovation is a task that calls for different
funding scales and mechanisms than typical today. Even when projects strive for
greater descriptive understanding of educational and societal dynamics, their em-
phasis is generally on laboratory or design experiment studies that create atypical
"islands of innovation." Only sizable implementation "testbeds" that deal with
scalability, generalizability, local adaptation, and sustainability can advance these
ideas for improvement to the next level. However, despite the fact that practitioners
and policy makers are focused on exactly these issues, funding for such testbeds is
currently only a minute fraction of the already small educational research portfolio.
Federally funded research centers targeted to particular sets of practical probleriis
in education and charged with developing and evaluating learning technologies that
aid those problems are a means of supporting such testbed studies. Building capac-
ity in the educational research community is also an important issue. Improving the
preparation and professional development of educational researchers to reflect the
perspectives above is vital for producing a sufficient number of skilled investigators
to conduct these types of studies.

As studies of the processes underlying educational change document (Cuban,
1990; Fullan, 1993), systemic relationships are crucial determinants of whether the
implementation of a strategy for improvement succeeds or fails in reaching its edu-
cationalas opposed to educational researchobjectives. In addition, a lack of sys-
temic analytical frameworks makes it difficult for researchers and practitioners to
develop insights on how attempts at innovation interact. Also, seldom are research
methodologies in use by other scholarly fields brought to bear on educational sys-
tems, even though these analytic methods have contributed to the understanding of
designed, human contexts (e.g., cities, corporations) and of institutions charged with
rapid technology-based improvement (e.g., hospitals). Such theory-based organiza-
tional and system-wide frameworks are needed in order to identify understudied
pressure points where new ideas could lead to coherent strategies for educational
improvement.

For lack of such a systemic perspective, the educational research portfolios of both
NSF and the U.S. Department of Education have not permeated these agencies' im-
plementation portfolios (materials development, teacher professional development,
organizational reform). In part, this is because systemic issues have been explored
almost exclusively in the limited context of evaluating systemic projects rather than
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deeper studies of systemic processes in testbed situations. This approach leaves un-
developed many opportunities for creating ongoing partnerships among educators,
parents, employers, disciplinary experts, and communities, relationships that could
lead to improvements in students' (and teachers') learning.

The common practice of conducting studies of large-scale educational interven-
tions as "evaluations" does not create the deep research base needed. Evaluation
methodologies and goals focus primarily on evidence of effectiveness; this often
omits process issues and crucial variables outside the subsystem being studied. Also,
such an approach removes the responsibility for practitioners and policy makers to
be active participants in assessing implementation strategies and results. Too often,
experiments and evaluations are imposed on schools in a way that does not foster
reflective processes that could accumulate learning; yet funding for policy maker-
and practitioner-centered processes of experimentation, assessment, and reflection
could be a crucial enabler of sustained improvement.

How could investigators and fenders transcend these limitations in research fund-
ing and conduct? Reconceptualizing research priorities and processes to focus more
on implementation studies mutually developed by scholars, practitioners, and policy
makers is a promising strategy to develop sustainable impacts on practice. This
agenda can be seen as driven by an interactive view of the role of the target institu-
tion. Too little emphasis is placed on research funding for in-situ adapting, ana-
lyzing, and scaling-up interventions and policies that, as isolated islands of innova-
tion, have been successful in some other educational context. Even less priority is
given to modeling and generalizing the coherent processes that led these innova-
tions to succeed in design experiment settings. To achieve coherent, sustainable, and
scaleable change, understanding the process of innovating (i.e., of altering standard
practices) is -as important as studying its outcomes (Sabelli & Dede, in preparation).

Two federal grant programs represent steps in this direction:
NSF's Research on Learning and Education (ROLE) program: ROLE funds a
balanced portfolio that spans a continuum from basic to applied research. The
purpose of this framework is to help enable the integration of research on learn-
ing into its broader educational and social context. The ROLE Program supports
research across a four-quadrant science of learning continuum that includes:
1. Brain research as a foundation for research on human learning;
2. Fundamental research on behavioral, cognitive, affective and social aspects

of human learning;
3. Research on science, mathematics, education, and technology (SMET) learn-

ing in formal and informal educational settings; and
4. Research on SMET learning in complex educational systems.
In particular, ROLE Quadrant 4 funds the types of systemic testbed research
described above. However, this grant program has low resources to allocate.

The Interagency Educational Research Initiative (IERI): This funding program,
cosponsored by NSF, the U.S. Department of Education, and the National Insti-
tute of Health, has as its goal the improvement of pre-K-12 student learning
and achievement in reading, mathematics, and science by supporting rigorous,
interdisciplinary research on large-scale implementations of promising edu-
cational practices and technologies in complex and varied learning environ-
ments. To this end, the program supports an evolving, cumulative, and inte-
grated portfolio of research projects that, when taken together, provided a sub-
stantive corpus of effective instructional practices and a body of knowledge that
informs the ways in which these practices can be implemented in real, complex,
and varied educational environments and lead to enhanced student learning. An
important feature of the Initiative is that all IERI-supported projects share
common benchmarks that facilitate the accumulation of reliable and valid data
to ensure that the lessons learned can be generalized in an optimal fashion. As
such, only those projects that meet high standards ofmethodological rigor, are
of sufficient scale, integrate technology, and are conducted by interdisciplinary
teams are funded. IERI has two focus areas: Early Learning of Foundational
Skills, and Transition to Increasingly Complex Science and Mathematics Learn-
ing. However, this grant program may not continue.

Lessons learned from federal funding program such as these provide a valuable
foundation for designing use-driven research centers for developing and evaluating
learning technologies. For example, these programs illustrate that, in designing
funding mechanisms, providing phased support over almost a decade is important
to enable moving new insights from early demonstrations of concept to full-scale im-
plementation and evaluation.
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Moving from Research-based Curriculum Development to Large Scale Implementa-
tion

Without extraordinary resources or heroic efforts, successfully implementing new
educational approaches in typical classrooms has proven quite difficult. This is par-
ticularly true for technology-based innovations, in which the cost of computers and
telecommunications, their rapid evolution, and the special knowledge and skills re-
quired of their users pose additional challenges in effective utilization (Dede 1998b).
Widespread implementation of technology-based curricular innovations cannot be
accomplished via one-way transmission of best practices, but instead requires and
is enhanced by reflective, interpretive dialogue in a knowledge-building community
(Cohen 1996).

As an illustration in the USA, Union City, New Jersey, is an example of a school
district that has implemented a very effective series of educational reforms, reshap-
ing its curriculum, pedagogy, assessments, technology usage, and links to the com-
munity [http://www.unioncity.k12.nj.usi. Information technology has played an im-
portant role in not only enabling new types of curriculum, but also aiding dissemi-
nation, adaptation, and community acceptance. Impacts on student learning are
very positive and impressive, especially since this district has a weak tax base and
many challenges associated with a diverse population. Other schools have much to
learn from this district's successes, which have been studied in depth.

To accomplish such transfer of successful curricular strategies, a process of 'mu-
tual adaptation' is necessary, in which external innovations are adapted to fit local
conditions and local conditions are adapted to fit the innovations (McLaughlin 1990,
Ball & Cohen 1996). But what distinguishes 'mutual adaptation' from what Brown
& Campion (1996) have called 'lethal mutations' in evolved implementations? Why
is it and how it is that, in the process of adapting reform to local conditions, the
spirit of reform is frequently lost and the result is practice as usual?

One important reason for this shortfall is that not enough dialogue to enable re-
flective adaptation takes place between those attempting to implement an. exem-
plary practice and the original innovators. Many research-based curriculum develop-
ment projects foster a few isolated innovation sites, then disappear. Needed are re-
search centers focused on a single set of practical problems (e.g., developing and im-
plementing sophisticated technology-based student assessments). Such centers
would support clinical, applied studies on adapting exemplary innovations via reflec-
tive interplay between basic research and practice, a bi-directional process that
helps both sides evolve toward increasingly sophisticated objectives. In such a rela-
tionship, implementation is not the blind adoption of recipes and materials for inno-
vation developed by others, but instead the reflective adaptation of a process that
enabled a similar group to succeed in improvements actualized somewhere else
(Dede 1999).

To explore a curriculum dissemination strategy that uses technology to foster such
a dialogue, an NSF-funded Center for Learning Technologies in Urban Schools
(LETUS) was created with four partners: the Detroit Public Schools, the Chicago
Public Schools, the University of Michigan, and Northwestern University (hap:/
www.letus.nwu.edu). The focus of the Center is on developing and implementing
strategies for embedding learning technologies in the middle school science cur-
riculum, building on the Science Ware curriculum described earlier. These learning
technologies provide the critical support students need to engage in the complex sci-
entific inquiry central to new national and State curriculum standards. The collabo-
ration of the four partners provides a unique opportunity to study how to support
the scaling-up of technology integration into the curriculum of urban classrooms.
The Center is developing a 'Living Curriculum' collaborative relationship between
developers and teachers, initially through face-to-face interaction, but increasingly
through new interactive media and the formation of virtual communities for innova-
tion.

To meet this challenge, conventional strategies for dissemination must evolve to-
ward facilitating the adaptation rather than the adoption of reform-based innova-
tions. Through empowering rich forms of knowledge networking and emergent intel-
ligence that provide intellectual, emotional, and social support, new interactive
media can greatly aid this process of adaptation. Parallel to exemplary practices
with learning technologies in classrooms, the real power of these media comes not
from automating information transmission, but from enabling students' collabo-
rative, guided construction of meaning. Information technology is the only practical
means we have of making such rich human experiences affordable and scaleable
across the full population of educators. Lessons learned from the successes and chal-
lenges of LETUS could generalize to the design of future use-driven federal research
centers.
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Another example of a federally funded center whose goal is to move from re-
search-based curriculum development to large-scale implementation is the Center
for Innovative Learning (CILT) Technologies (http://www.cilt.org/). CILT is designed
to serve as a national resource for stimulating research on innovative, technology-
enabled solutions to critical problems in K-14 learning, using partnerships with
education vendors and companies as the mechanism for dissemination and sustain-
ability. Its approach is to foster and-conduct collaborative research and development
in areas that promise significant advances in learning. Four "theme teams" focus
the efforts of the broad CILT community in areas of highest promise. Currently,
these areas are Visualization and Modeling, Ubiquitous Computing, Assessments for
Learning, and Community Tools. Each theme team provides direction and vision in
the field, as -well as a center of community.

LILT also conducts synergy. projects that synthesize the important ideas and tools
from all themes to create robust educational programs for use in schools. Seed
grants are a unique mechanism that allows CILT to -provide rapid funding to inno-
vative and important new work. Seed grants are available within each theme team
to initiate promising collaborations in directions critical -to-the advancement of the
field. CILT-sponsored industry and school alliance programs work toward real im-
pact of funded research on the real- worlds of schools- and other learning settings.
These programs bring companies and schools into the CILT community through col-
laborative opportunities that provide mutual benefit. The .barriers CILT has faced
and the successes it has achieved are valuable signposts to the design of other fed-
eral research centers targeted to sustainable, effective use of learning technologies
in school settings.

Through a ,series .of projects spanning-almost two decades, an example of a feder-
ally funded _initiative that developed research-based curricula now widely imple-
mented -is the- work of John Anderson's group at -Carnegie Mellon University on in-
telligent tutoring systems. Carnegie Learning Corporation (http://
www:carnegielearning.comf) markets- and supports a series of mathematics tutors
develop .from fundamental cognitive _science research principles. Lessons learned
from this experience could generalize to other federal curriculum development
projects in earlier stages of their evolution, as well as to the design of federal re-
search centers.

The Learning Federation (http://www.learningfederation.ore is an example of a
NSF-funded group attempting to develop a use-drivem.research agenda focused on

_the problem of helping high school graduates -who 'do not go on to college move into
high-technology careers. Again, this is a case study whose strengths and limits could
help design a broader federal initiative in user-focused research centers. As an ini-
tial step in developing a funding program for such centers, the analysis of these and
related efforts is important.
Recommendations tor. Federal Policy Initiatives

In summary, sophisticated computers and telecommunications are reshaping the
mission, objectives, content, and processes of schooling at every level. However, cur-
rent State technology standards for teachers frequently focus on low-level technical
literacy, rather than mandating that. educators prepare students for 21st century
work and _citizenship through using- new interactive media for knowledge creation,
sharing, arid mastery. Also, when States fail in these standards to specify how tech-
nology alters content and pedagogy, often only low-level uses of technology are incor-
porated into teacher preparation programs. This situation is worsened by many
States' mandating high-stakes tests that center on recall and recipe-following rather
than performance based accomplishment of higher level tasks, precluding teachers
from 'using project-based curricula that emphasize deep mastery of core knowledge
and complex procedures. Isolated in their classrooms from the rest of society, teach-
ers often have little idea of the skills and knowledge required for adept performance
in high technology workplaces.

In addition, developing innovative, technology-based curricula and fostering their
widespread implementation requires investments in research and dissemination
that many States do not make, and in which the federal government under-invests.
Further, as discussed earlier, some types of State and federal policies implicitly re-
tard the adoption of-new educational technologies.

Given all these challenges, how should the federal government and States proceed
to upgrade their education policies and strategic plans to reflect the likely evolution
of education and of information technology over the next decade? The recommenda-
tions below provide a conceptual framework for actions that at times can be taken
by individual political entities, at times require collaboration among States within
a region or nationally.

5 r.)
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Recommendations for State and Federal Education Policy Shifts

The federal government should fund a number of competitively awarded re-
search centers that, as described above, are centered on use-driven develop-
ment and evaluation of technology-based learning experiences. An example of
such a problem-focused center would be a Center on Sophisticated Student
Assessment based on the recommendations of the recent National Academy
of Sciences Committee report on this topic (Pellegrino, Chudowsky, and
Glaser, 2001). Having overlapping responsibilities among Centers would en-
courage the competitive exploration of alternative ideas and models.
Ten percent of federal and States' total investments in learning technologies
should be directed to educational research and dissemination, with emphases
on sophisticated curriculum development; on coordination of research activi-
ties among States, federal agencies, and private foundations; and on imple-
mentation studies mutually developed by scholars, practitioners, and policy
makers. (Just as thirty percent of technology expenditures should go to pro-
fessional development to ensure that computers and telecommunications are
used well, a substantial percentage should also go to creating, infusing, and
studying best practices in technology-based instruction.)
U.S. Department of Education grant review procedures should be modified to
conform more closely to the high standards of process and reviewers used by
NSF and NIH, and its Expert Panel on Technology should be continued as
a mechanism for dissemination.
Federal policy initiatives should promote State curriculum standards that em-
phasize high-level capabilities for knowledge creation, sharing, and mastery,
rather than low-level procedural skills and recall of a wide range of facts.
(Teachers can aid students in mastering higher order knowledge and skills
only if these are explicitly included in the curriculum along with adequate
time to teach these complex performances, enabling centers that develop such
learning environments to find a ready audience for their use.)
Federal policy initiatives should promote State teacher standards for tech-
nology that incorporate explicit, sophisticated performances by pre-service
and in-service teachers in using project based pedagogy to help students ad-
dress complex real world problems through a deep mastery of core content;
higher order cognitive, affective, and social skills; and advanced computers
and telecommunications. (Teachers cannot effectively use technology-based
guided inquiry, collaborative learning, and telementoring in classroom set-
tings unless they have received preparation and modeling for how to imple-
ment these sophisticated pedagogics. Such State standards would leverage
the work of the research centers proposed above.)
If States and the federal government use high stakes tests at all, these should
center on performance-based accomplishment of higher level tasks, rather
than on short answer items emphasizing recall and recipe following. (Teach-
ers emphasize what will be tested.)
State and federal measures of technology implementation should use sophisti-
cated indicators of success, such as high-bandwidth connections to individual
classrooms with advanced computers and low student-computer ratios. The
minimal level of attainment of these indicators specified in State and federal
technology initiatives should rise steadily over time. (Indicators of success
should accurately reflect the capabilities of current information technologies
and should alter as computers and telecommunications evolve.)

These policy steps will build federal capacities to conduct targeted research initia-
tives that enhance, via information technology, the sharing of best practices. This
will aid education reform initiatives to be reflective, sustainable processes of con-
tinuing improvement that make full use of leading-edge learning technologies.
Conclusion

In the past decade, power in educational policy setting has flowed from both the
federal and local levels to the States. This has not always been a positive develop-
ment in decision making about learning technologies. State politicians and political
appointees to State agencies are sometimes sophisticated about the evolution of so-
phisticated information technologies and its implications for education's mission, ob-
jectives, content, and processes; but often their responses are naive. Coordinating
collective actions among the States is also difficult, and areas such as research suf-
fer, even though all would benefit from each State investing in this area and coordi-
nating their design experiments around a common investigative agenda.
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In particular, could similar outcomes of applying research to practice be accom-
plished through block grants to the States, decentralizing the responsibility of cre-
ating and funding research centers? Developing innovative, technology-based cur-
ricula such as Science Ware and fostering their widespread implementation requires
investments in research and dissemination that many States do not make. Relative
to other sectors of the economy, the PCAST report documents low levels of federal
funding for education research, (President's Committee of Advisors in Science and
Technology, 1997). These scarce resources are not complemented by additional R&D
money from States, localities, or industry, making the development of innovative
technology-based pedagogical approaches and their actualization in curricula like
Science Ware very difficult. A "tragedy of the commons" situation develops when the
federal government abdicates responsibility for research and development in edu-
cation, as every State and locality can benefit from innovations and reflective anal-
yses, yet no single entity has either the funding or the specialized expertise to un-
dertake this task. Regardless of one's personal ideology about the federal role in
education, decentralizing research funding to the States would result in a dramatic
decrease in both quality and quantity of studies and products.

From a federal and State policy perspective, the fundamental issue in learning
technologies is not whether instructional tools are more efficient at accomplishing
current goals with conventional methods, but instead how emerging media can pro-
vide an effective means of reaching essential educational objectives in the tech-
nology-driven evolution of a knowledge-based economy. Just as geographically dis-
tributed workers create, share, and master knowledge, computers and telecommuni-
cations increasingly can enable all students to master more complex subjects via
rich interactions with resources outside of classroom walls. Just as medical practice
has shifted dramatically because of antibiotics, anesthetics, and immunizations, so
the skills and knowledge required of teachers are rapidly changing. Federal and
State implementation of the recommendations above to improve teacher preparation
and professional development is vital to developing the pool of skilled personnel es-
sential for enhancing educational improvement by taking full advantage of emerging
devices, applications, media, and infrastructures.
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APPENDIX: FIGURES
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Boum 2: The Relationship Editor in Model-it
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Chairman SMITH. Thank you, again, all, very much. With us
today, I see some students in the Committee room and I can't help
but think of some of my images that I thought of while you were
talking. One comes from the HMS pinafore and things are seldom
what they seem. I remember my freshman year at Michigan State
being so disillusioned in chemistry of what I thought was absolute
truths in high school and then finding out there is a difference. So
there is no question that you don't take Algebra II, at least without
a lot of difficulty, until you have had Algebra I.

A couple of questions. In your comments of the learning centers
and the research centers, Dr. Mestre, is there a way to design
these sort of multi-disciplinary centers that still can give the kind
of individual research attention as far as the individual inquiry
or

Dr. MESTRE. In terms of investigating
Chairman SMITH [continuing]. Do you think it needs to be a total

separate funding?
Dr. MESTRE. Well, I think if you have large centers, they have

to focus around, as Chris put it, problems to solve, as opposed to
general questions. On the other hand, what I was arguing for is
that, for no fault of there own, there is a lot of good researchers
out there who will never become part of large collaborations be-
cause these large centers require, you know, significant collabora-
tions among different individuals and institutions and so on. And
I don't want to leave out those folks that can contribute consider-
ably to the science of learning just because most of the funding, or
most of the resources, are going to these large centers. How one
can fit individual researchers into large centers through the col-
laborationsbut there is stillI think there should be room for
people to submit grants and proposals about good ideas so that we
don't stifle the----

Chairman SMITH. Well, I hear you saying that as we get excited
about the large centers, don't cut funding in terms of individual
grant

Dr. MESTRE. There should be mechanism to continue that. I
mean, I am not arguing against big centers. They are needed as
well.

Chairman SMITH. Let meis thereare you comfortabledo we
know enough about the research that has been done out there? Is
there a mass of good research information that could be very help-
ful if we knew about it? And do you seeare you dissatisfied with
our effort to, whatever, catalog, know, understand the research
that has been going on in this country and other countries? And
the second part of that question is trying to decide what is good
research conclusionswhat aren't? And let us just go down the
line, starting with you, Dr. Halpern.

Dr. HALPERN. I believe we have a substantial body of knowledge.
I also believe we have much more to learn. Much of ourwhere our
knowledge falls down, we have fallen down terribly in the dissemi-
nation. I don't think we put as much effort in planning into the dis-
semination as we have into the projects themselves, and that
should be as integral a part to the original proposals as the design
sorts of issues.
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Enough of that research has not been done under causal kinds
of experimental designs that allow us to say, you know, when it
works and when it is appropriate. So there iswhile there is
muchwe know a good deal, there is much more we can still know.

Chairman SMITH. Dr. Mestre.
Dr. MESTRE. I agree. We have a large body of knowledge. The

trouble is that it is not being used or mined toor applied to edu-
cational reform. But I should also remind all of us here that the
science of learning is really only 25 or so years old. So there is a
lot more to be learned, but it would be a nice beginning to use what
we already know to improve educational learning.

Chairman SMITH. Dr. Songer.
_Dr. SONGER. I would also agree with my colleagues, that there

is a substantial body of knowledge out there about how people
learn. And otherbut one of the challenges is that there isn't a tre-
mendous- amount known about classroom 'context and the vari-
ations -necessary to adapt a. particular learning study to particular
learning goals.. And I actually think we need a. lot more research
funding on research that would directly doconduct studies more
in classrooms and have large-scale impact across classrooms, so we
can more directly understand that translation from the literature
to the practice.

Chairman SMITH. And our ability to do enough testing so that we
know somehow what research is good, as far as reaffirming what
we think we know.

Dr. SONGER. Well, I am not sure I completely understand what
you mean by testing.

Chairman SMITH. How do we tell which research is good and
which research might not be good if we try to prove it ten times?

Dr. SONGER. I think
Chairman SMITH. Getting it into the classroom, I would think.
Dr. SONGER. Right. Impact and learning outcomes are clearly a

good way to show that it is working. However, the- current testing
structure is not the right vehicle to test the kind of learning we are
advocating that research says we should be doing. So we want
more high-order thinking, but the current testing structure is actu-
ally a pretty good mismatch to that goal in that, it doesn't often
measure those kinds of understandings.

Chairman SMITH. I agree there is a vast area of knowledge. But,
Dr. Dede, is there some way that we have organized and collected
what is out there? I mean, if it is government money, then it is
published and we can pick it up on the computer maybe. If it is
a doctoral study or a research study, then do youdo we know
what is out there?

Dr. DEDE. Well, there is a lot out there, but there is a saying,
the devil is in the details. And, I am sure, as Members of Congress,
you know what that is like. It is one thing to read a political
science textbook; it is another thing to try to make legislation actu-
ally happen. The devil is in the details in applying a lot of this edu-
cational research.

John Anderson's work in cognitive science is internationally re-
spected, and his research has had an enormous impact in schools
through the application of intelligent tutoring systems in algebra
and geometry. It is one of the great success stories of Federal fund-
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ing in educational research. But that was a process of the devil
being in the details because a teacher could read one of John An-
derson's books and, even if that book were completely understood,
it wouldn't say very much about what to do about that specific stu-
dent in row three that just isn't getting it the first time through.

So there is a great deal that is learned by reflective partnerships
between practitioners and researchers in which the theory is modi-
fied and extended and deepened through that type of interaction.

Chairman SMITH. Representative Johnson.
Ms. JOHNSON. Thank you very much. I was interested in Dr.

Halpern's statement on learning and wonder if there is currently
any subject or curriculum within teacher training that focuses on
the learning mechanism.

Dr. HALPERN. Unfortunately, cognitive science is typically not re-
quired in teacher training. They will typically get a course in
human development, maybe a course in learning. But very little of
the most recent understandings of how people think actually make
it into the teacher training curriculum. And, in fact, at the last
page of the testimony, we have our web site from this national
meeting that we chaired, and there, there are a section on using
cognitive science as a basis for teacher preparation. It is largely
missing. The way physicians study biology is the analogy we would
like to see for cognitive science and teacher training, but we are
certainly not there.

Ms. JOHNSON. When you indicated that, of course, people learn
based upon knowledge they already have, we know that in many
situations there is a very uneven level of grasp of information when
they get to a teacher. And is there any way by whichI know
there is testing, I guess, to see what level students might be on,
and that is some controversy around it. But it seems to me that
that would be an essential way of determining what level a student
might be. Is that being used now at your level?

Dr. HALPERN. Well, we haveI say we, I am using it in a royal
sense because this is not my work, but people who are working to-
gether on this projectspecifically, I am talking about the work of
Dr. Hunt at University of Washington, has a program called the
Diagnoser, where, in fact, the wayand it asks thoughtful kinds
of questions that would probe your mental model. It would allow
for a diagnosis of where your conceptual understanding has gone
right or is wrong, and then provides information to the teacher as
to, you know, wherewhat is missing in an individual's mental
model. And he is hoping to develop some of these models for other
areas.

Ms. JOHNSON. And this has just been utilizing that particular
area.

Dr. HALPERN. It is really thewe are using computer programs,
because it isknowledge networks are extensive. And we want to
ask lots of questions and, based on the way you answer, I can make
some assumption about your whole understanding. And then, by
the way questions are guided, we could, in fact, say, this is where
it was going wrong, very different from the type of assessment that
we have, that the other speakers have mentioned, whereare very
much lower-level kind of understanding is being tapped. You know
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it; you don't. This gives you much more information on an indi-
vidual level.

Ms. JOHNSON. Has there been any recent studies that anyone
might know, or has it been too soon to see, how the use of tech-
nology within the classrooms have impacted any performance of
students?

Dr. HALPERN. Well, I would refer to Dr. Dede on that.
Dr. DEDE. Yeah. There are many studies that demonstrate that

the use of technology can be very powerful in engaging student
learning when the other conditions for success are present. And we
have a lot of understanding of why that takes place. And the rea-
sons go back to the kind of testimonyyou have heard about cog-
nitive science. In other words, the successes that we see can be ex-
plained on the basis of the theories that we have about learning
by doing, with guidance, about making invisible things visible,
about collaborative learning with technology, enhancing commu-
nication, and apprenticeships, and so on. So it is not a matter of
not understanding what to do. I think the challenge is more how
you accomplish it.

And to return to your question about teacher training, it isn't
just what students are taught, but it is how they are taught it. To
have a lecture on the importance of learning by doingI mean,
until we walk our. talk in teacher education with students, being
taught as we would like them to teach, we can put the content in,
but it is not going to have the effect that we want.

Ms. JOHNSON. Uh-huh. Where do you think we are in attempting
toare there any sections of the country or are there identifiable
schools that we are aware of that you feel that are on the mark
and what percentage it might be?

Dr. DEDE. I think there are some very promising areas that are
happening. I have been doing quite a bit of work within Milwaukee
Public Schools, for example. This is a big city system. It has a lot
of problems and challenges. It is not at a point where one would
say this is a jewel in the crown of the country and something that
everybody should adopt. But they are doing a lot of things right in
terms of not just looking at schools, but as community as resources
for students, using technology, but using it as a means to a goal,
rather than as an end in itself, focusing on what students care
about as a way of scaffolding their learning.

I think the real challenge is that we can find classrooms that
look like that. We can even find schools that might look like that.
But to find entire districts that look like that, there is a scaling-
up issue that we are still very much wrestling with in trying to un-
derstand, and that is where I think these centers could help us.

Ms. JOHNSON. Thank you very much. My time has expired.
Chairman SMITH. It would almost seem that a lot of good teach-

ers, successful teachers, are almost researchers themselves, that
they have found out over the years what works and what doesn't
work. That would be one area that I think we need to maybe be
more aggressive on collecting that world of knowledge. And the
gentleman from New York, Mr. Grucci.

Mr. GRUCCI. Thank you, Mr. Chairman. Good morning to the
Panel. It is still morning. Isn't it? Yes. Good morning to everyone.
And I, too, just would like to welcome the students here. I think
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it is great that you are showing the interest and the participation
to watch what goes on in Congress, because 1 day we hope that you
will be sitting up here leading this great country.

I would like to address my statement and, I guess, my question,
to Dr. Songer and then I would be interested to hear the rest of
the Panel as well. And the question really is in regards toand I
am not disagreeing with the need for the laboratories that you are
referring to and the teaching style that you are referring to. And
obviously that is going to create the need for funding to make that
happen.

Yesterday, I was at a briefing where the Secretary of Education
showed a pretty startling chart. And the chart showed the invest-
ment in education from about 1985 to about the present. And I
have to apologizeI don't remember the exact number, but it was
an astronomical figure that was invested in our educational sys-
tem. And the results that benefited from that didn't mirror the
chart. It didn'tmeaning that it didn't show the same kind of
spikes going in an upwards direction. It showed actually a pretty
flat anda flat line. And as we got closer to today, the gap be-
tween the investment in education and the results from education
has been hugethere is a huge disparity.

My question js, is do you think there are programs that we are
investing in that we ought not to be investing inthat we should
reallocate some of those funds into some of these programs that
you are talking about? And, secondly, do you think that looking at
the methodology that we currently have in determining whether or
not a student is understanding and learning the educationand I
totally agree that there has to be some sort of a testing mode out
there so that we can determine the level of skill and the proficiency
of our students. Ought not that be applied also to the teachers to
beto ensure us that, (a), our investments are being placed wisely
in our students' education and our children's education, and that
the teachers are, indeed, proficient in the subject matters that they
are teaching?

And I will point to an example, and I will relinquish my time for
the answers. In New York, we have regency exams, and all through
the course of the years, I see students getting B+'s and A's in their
quarterly grades until they hit the regency exam. And when they
hit the regency exam, most of them had failed miserably on that
regency exam. And it led me to believe that the students weren't
really being prepared for those types of exams, which led me to the
question in my mind, are the teachers truly understanding the sub-
ject matter that they are teaching. And should we not only hold the
children accountable, but should we also hold our teachers and our
teaching staff accountable? And I would be interested in hearing
your comments.

Dr. SONGER. Okay. To address your first question about the re-
allocation of funds from some areas that are currently funded to,
perhaps, some areas that would support the ideas that I talked
about, I can't claim that I know enough about all of the details of
what is currently being funded to make a fair answer for that. But
I think the real issuethe point I want to make relative to that
point is that we don't necessarily need to reallocate funds for lots
of different programs. I think we are going to need to try lots of
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different things, but we definitely need much better mechanisms
for organizing the outcomes of those research programs and dis-
seminating and discussing and learning from others' work, as well
as our own.

And so it isn't necessarily that we need to reallocate from one
program to another program, but more that we really need to think
much more carefully about a systematic mechanism for learning
from what everyone is learningprograms that try different ap-
proaches, as well as things that are more similar to our own.

In terms of evaluating teachers, I have mixed feeling about this.
Clearly, we want to have high standards for teachers. We definitely
want to be able to find mechanisms for supporting and working
with teachers that are not necessarily teaching under the condi-
tions that we think our children deserve.

On the other hand, there is a lot of problems with teacher ac-
countability if it is infor example, pay structures related to stu-
dents' performance. And the reason is, is many, and Ithis is a
much more complicated issue that you, I am sure know much
about. But that the teachers that are teaching, for example, in
urban schools, are going to have students that are not going to per-
form as high and may include a very heterogeneous classroom, as
well as students with lots of language and learning challenges. And
to hold the teacher who is taking on the enormous challenge of
teaching in an urban classroom, accountable for making sure that
all of their students measure up against, for example, a particular
state standard, one state standard, doesn't allow them the oppor-
tunity to really make a difference in that urban school.

So I think we need ways to evaluate teachers, but an evaluation
mechanism that is much more extensive than a particular kind of
test of some, you know, very arbitrary nature. It needs to be a
much more comprehensive and systematic program.

Dr. MESTRE. Could I address the issue of assessment for a sec-
ond?

Mr. GRUCCI. If the Chairman would permit.
Chairman SMITH. Go ahead.
Mr. GRUCCI. I see my time has expired.
Dr. MESTRE. I would make the statement that good assessments

should drive the curriculum. The issue, I think, is that we don't
have enough good assessments. And by that I mean, we know a lot
about expertise, as I said, and that tells you something about what
kinds of things you might be measuring. In physics, for example,
we measure problem-solving ability, but expertise in physics in-
volves lots of other things that we leave behind. So if we have the
right kinds of assessment, we would be teaching all those issues
that we value inas experts in physics or psychology or whatever.

Chairman SMITH. The gentleman from North Carolina, Mr.
Etheridge.

Mr. ETHERIDGE. Thank you, Mr. Chairman. And I couldn't agree
more, doctor, that too many times our assessments are not the kind
of assessment we ought to have that drive the curriculum and we
wind up having the curriculum driven by a piece of assessment and
it is done disjointedly.

Let me thank you, Mr. Chairman, for the members' testimony
this morning. And, you know, we talk about funding for education



65

and how much we have spent. Sometimes people forget we spend
money on everything else. Education is an investment. And we
have more children in the public schools today coming in with more
problems than ever in history. And we also have challenges today
in our public schools, and I think it is an appropriate one, to grad-
uate all children. Historically, we haven't done that, and we still
aren't doing it at the level we should have and we need to remem-
ber that.

I mean, I am glad to see the students here today so you can real-
ly see what a well-lighted, well-ventilated, room ought to be. Every
classroom ought to be like this.

Chairman SMITH. If the gentleman would yield, maybe our Panel
could develop a quick test.

Mr. ETHERIDGE. I don't think I need a test for that one. I won't
ask you if your classroom is this well-equipped with technology
that is integrated the way this one is, but that is what we ought
to have in classrooms. So you will understand, for the students
here, I was the State Superintendent of the Schools for North Caro-
lina for 8 years before I came here. I get a little perplexed some-
times when we have such nice facilities and, yet, our schools are
we askedI believe, Dr. Songer, you talked about it a few minutes
agohaving something like 36 or 37 students for 17 chairs. And
unfortunately, that is true in too many communities and too many
schools.

So let me ask you very quickly before my time runs out, I do be-
lieve that physical environment is a critical part of learning for
children and young adults, as much as the curriculum and the cog-
nitive things, all we do. If you don't have a good environment, it
wouldn't make it. And I think Congress has figured that out. We
have a good environment. Otherwise, we wouldn't be in the condi-
tions we are in.

So I hope you will touch on that because it puts incredible
strains on teachers, on students, on the community, and all the
things we do. And I happen to believe it provides aor leads to a
serious impediment in learning. And we have classrooms that are
overcrowded. We have others that are just dimly lighted, et cetera,
et cetera. If each one of you would very briefly touch on that? I
would like to hear your comments as it relates to that, along with
all the other pieces that we ask you to deal with, the curriculum
and development, et cetera.

Dr. HALPERN. If I understand the question, is it physical environ-
ments that support learning?

Mr. ETHERIDGE. Absolutely.
Dr. HALPERN. And, of course, they would have to be age-appro-

priate, since there are differentyou know, open spaces
Mr. ETHERIDGE. Absolutely.
Dr. HALPERN [continuing]. You know, for young children, say,

run here, you know, in a way that, you know, rows of chairs don't.
So certainly it is different for young children than for older chil-
dren and for adults. But we certainly need all of the basics that
you are talking about, as well as the ability to move chairs and
allow us to collaborate. If you can't move the chairs, it is very dif-
ficult to have collaborative activities. So very often, something
quite simple drives it.
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Dr. MESTRE. Well, we have been talking a lot about the science
of learning cognitive science, and I am not sure that thatwhat we
have talked about so far will necessarily help in the questions that
you are now answering. There are issues related to motivation that
we haven't talked about that are important for learning. A lot of
students come to school worried about physical harm and so on.
That is an important issue. How does that affect learning? I am not
sure cognitive science is going to help you much in there. I could
be wrong.

The physical plan of the schoolif it is falling apart, that sends
a message. The values of the communityall these things impact
learning. And that is why measuring anything in education doesn't
stand still. It is notin my field, you can measure the spin of an
electron and you get the same answer every time. Not so in edu-
cation. So I don't have an answer for you, but these are issues that
need to be investigated as well.

Mr. ETHERIDGE. Dr. Songer.
Dr. SONGER. Yes. I agree with my colleagues, that the resources

are impoverished, especially in urban schools. At the average age
of the schools in Detroit is something like 6 years to 30. Theyou
know, things are falling down. It is a horrible way to promote the
quality of learning. In terms of what we do about it, I know there
is some bills that are being passed to address that issue specifically
and I just think it is very valuable and important to get that
through.

Mr. ETHERIDGE. I have one and I hope we can get it through.
Dr. DEDE. My daughter is one of the students here, along with

a friend of hers. I wanted her to see the strength of the American
political process. I sent her and my son to Montessori school and,
in part, that was not simply because of the physical facilities, but
the physical manipulatives, the wonderful kinds of objects that stu-
dents get to interact with. Part of our challenge now in learning
technologies is understanding virtual spaces and the kinds of
poises that students can be together that are shared virtual envi-
ronments. So I think we face some very interesting design chal-
lenges that I hope this kind of research money can help us to un-
derstand, challenges that involve linking physical spaces to virtual
spaces for learning.

At Harvard yesterday, I was part of a provost campus-wide work-
shop. The Graduate School of Design was doing some wonderful
things with virtual and physical spaces for their students. I could
see applications to pre-college. I hope we can get there.

Mr. ETHERIDGE. Thank you. Mr. Chairman, I know my time has
expired, but I thank you for this. And I thinkI asked that ques-
tion simply because we can't deal in one specific piece. It is a very
complicated piece and all of it has to fit together one way or an-
other if we are really going to do the job of providing quality edu-
cational opportunities for all the children. Thank you.

Chairman SMITH. Thank you, Mr. Etheridge. The Vice Chairman
of the Full Science Committee, the gentleman from Minnesota, Mr.
Gutknecht.

Mr. GUTRNECHT. Thank you, Mr. Chairman. And, first of all, you
have referenced the students here, and let me just introduce them
to you. They are students from Winona State University in my dis-
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trict. Linda Seppanen, on my far left, is the instructor who is keep-
ing them together for this week. And I think they have had a very
interesting and very educational week here in Washington and
learned a lot about the city and the history of this great country.
And so we are delighted to have them here.

I. have a very limited amount of time and I guess I have more
of a comment than a question, but I would like to have you respond
to this. I thought my memory was good, but I hadI checked this
on the computer just to confirm. Let me read this to you. "In 1854,
the family settled in Port Huron, Michigan, where he attended
school for 3 months. This was his only formal public education. His
mother continued his education, teaching him reading, writing, and
arithmetic. She also read to him from well-known English writers,
such as Edward Gibbon, William Shakespeare, and Charles Dick-
ens." Any of you know who that individual was? He was our great-
est scientist. His name is Thomas Alva Edison.

And I want to really refocus this just a bit because I do admire
what you are doing and I think it is important, because I think re-
search and learning is something, as we go forward in the informa-
tion age, is going to be incredibly important. But I also believe very
strongly that success leaves clues. And if we miss those clues, I
think we miss a very important part of the story. And one of you
just referenced the point that a lot of this is about motivation.

You know, I think two of the clues that you find of successful
people, and particularly people who are successful in scienceone
is, they are very curious people. And, number two, and if you study
Thomas Edison at all, you find that he was incredibly persistent.
I think those are two things that you cannot leave out of your re-
search as we begin to look at why some people excel in science and
some people find it very difficult. And it seems to me that if we
miss that, if we don't get athow do we motivate people to become
curious? How do we get people to get interested? And that has cer-
tainly got to be part of the equation.

And finally, as my colleague from New York said, I was at that
breakfast meeting yesterday, as well, where the new Secretary of
Education showed us some charts, and they are a bit troubling,
when you compare what we spend in the United States to what is
being spent in other industrialized nations on a prorated dollar-for-
dollar equivalency. We certainly are prepared to spend whatever it
takes to make certain that our kids get a quality education. But
it seems to me that, as a member of the Budget Committee, we
need to make certain that we are getting our money's worth. And
so we want to do all we can to help you to make certain that the
next generation of Americans does get its money's worth. And per-
haps you want to comment on anything that I have editorialized
on here so far, please.

Dr. DEDE. Well, a couple quick points. One is, I don't think that
we are here asking for more of the same. I don't think that we are
here to say, we are doing a great job. We just need more money.
Give us more money and we will get it done.

Chairman Smut'. Thank you.
Dr. DEDE. I think that you have documented effectively the fact

that there is much money that is spent on educational research
that is not leading to a payoff. And the different kinds of testimony
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that we have presented have sketched some of the reasons why
that might be true, indicated how refocusing some of the research
might well lead to greater productivity in this area. So, yes, I think
it would be a mistake to treat this as a plea simply for more re-
sources because without that refocusing occurring at the same
time, the greater resources would not have the kind of leverage
that you would like to see.

I like very much your comments about what is required for suc-
cess. I have read things like the autobiography of Richard
Feinman, where he talks about how excited, as a boy, he was by
things like taking radios apart and putting them back together.
And one of the things I find very troubling now about even our
schools that succeed today, is that students come out and they
know a lot of stuff. The "A" students can do well on these incred-
ibly detailed tests, but the joy of learning and the love of learning
and the curiosity and the motivation often have been burned out
of them because they have been stuffed with knowledge like a
goose. And, you know, sometimes less is more. Sometimes if we ask
students to learn less, but learn it more deeply and learn it in a
way that really kept that curiosity burning in the way that it burns
in our 5- and 6-year-olds, we would have a lot more when we ended
high school than what we have now.

Chairman Swan Dr. Halpern, you hadyou wanted to react to
that.

Dr. HALPERN. Yes. I guess a couple of things. Our world is much
more cognitively complex now than it has ever been, and education
is much more critically important. I don't think Edison could have
gotten by today as he did then on so little formal education. The
people who, a generation ago, wondered should I finish high school,
now realize that they are going to need a college education to even
enter the middle class. But you are certainly right about the moti-
vation and the persistence in fivethat is in all of our writing. In
5 minutes, I guess that was the part that wasn't there. But there
is no doubt thatand we are really talking about education for all
students, not just the most extremely gifted who almost, regardless
of what we do to them, will come out wonderfully. It is everybody
else. And how do we like that motivation?

And, certainly, it is also hard to make sense out of those funding
kinds of issues that you talked about. The students have changed
in the intervening years. In California and many other states, the
number of people for whom English is their first language has sub-
stantially declined so that we have, you know, a different num-
berdifferent students in our classrooms and the demands of them
are different. So it is so hard to make those equations. But you are
right about not continuing business as usual, and I think that is
really what we are here for.

Chairman Small. The Chair recognizes the gentleman from
Washington, Mr. Baird.

Mr. BAIRD. I thank the Chair and I thank the Panel. In my life
before being in Congress, I was a clinical psychologist and spent a
fair bit of time on cognitive psych. So names like Jerome Bruner
and Vygotsky and Piaget and whatnot are pretty familiar to me.
But I want to ask a little bit different question. And I also was a
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university teacher and spent a lot of time in high school and junior
high classes.

One of the impressions I gather from those visits and from my
own studies of cognitive psych is that, teachers today are up
against a real puzzle, and that is that the medium of television
and I refer to the medium, not the content hereI believe creates
a negative cognitive set that is anethetical to critical inquiry. And
what I mean is, it creates a passivity which is contrary to the way
human beings normally learn through literally millions of years of
evolution. And once that set is established of passivity, it seems to
be extraordinarily difficult for our teachers to overcome the pas-
sivity. I wonder if you have got any insights.

My understanding is there is relatively little research on this
issue. We focus on violent content, etcetera. But the .passivity of the
medium, I think, is a real obstacle. Any thoughts on that?

Dr. MESTRE. Well, I have heard my colleagues complain that I
can't get the students' attention the way I used to when I used to
lecture to them 20 years ago. So I agree with you. There is some
research on how students watch television, how they learn from
watching television. I am not an expert at that, but there are peo-
ple who. know something about that. I agree about ..the passivity.
And what is different now also from Edison's time is, he could tin-
ker an awful lot and now

Mr. BAIRD. That is the point I am making.
Dr. MESTRE [continuing]. There is no motivation to tinker be-

cause you get entertainment by sitting down and watching it. And
so the students are certainly learning differently than they did
many years ago. And how we can change that to be more self-moti-
vated to learn, I don't know of an answer to that and it would be
nice to have one.

Mr. BAIRD. That is precisely the "point I am making. And we
focus so much on the content and violent and sexuality, which I
think is a problem, but the greater subtle problem, I think, is the
passivity and the lack of tinkering.

A somewhat related questionas we look at all theI think
there is wonderful things to be learned, and I really do compliment
the Chair for raising this issue. I think it is unusual that these
kinds of issues are raised here in Congress, of cognitive and neuro-
science and education. 'But it always also seems' to me that time
on task is one of the fundamental variables. And when we look at
shortcuts to that, to some extent, we may be being dishonest. It
just takes you a while to memorize your verb forms in Spanish and
it takes you a while to master your multiplication tables. And I
don't know if there is a shortcut for that. Any thought on the time-
on-task element?

Dr. MESTRE. The first indicator of expertisetime on task.
Mr. BAIRD. Dr. Halpern.
Dr. HALPERN. A lot of our old standards, like time on task, dis-

tributed practice, are still as true as they were 20 years ago. One
of the things that some of these interactive programs do when they
are done well, is that they increase time on task, as well as cooper-
ative learning and those werethey are all under the buzz word
active learning, which is in response to your question about the
passivity, and they all increase. They all require activity. They in-
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crease time on task and they distribute learning. So clearly, those
are the kinds of basic principles that, you know, are still as true
as they ever were.

Mr. BAIRD. One final question, if I may, Mr. Chair. One of the
things that also impresses me is that we tend to conduct our edu-
cational approaches if the normal curve was a fiction instead of a
reality. And thatby that I mean, we tend to teach toward the
middle and leave the ends flounder and we act as if we can bring
the low end up to the level of the high end with some gee-whiz
gismo, or as if teaching to that middle is going to somehow reach
the low end. Particularly, this concerns me as we talk about test-
ing, mandatory testing, on a yearly basis and evaluating our fac-
ulty or our institutions. Any thoughts on whether we ought to re-
visit the meaning of the normal curve and educational policy?

Dr. DEDE. Well, I think the heart of really powerful learning is
individualization. That is why the strongest studies in educational
research are of individual human tutoring. And nobody can get
gains like an individual human tutor because it is affective and
cognitive, because it is tailored to the specific needs of that person
at that time. I think what is exciting about many of the kinds of
teaching techniques that are being developed and many of the
kinds of learning technologies that support those is that they are
capable of that kind of individualization, even in a group setting.
And things like the Intelligent Tutoring Systems of Anderson are
an excellent example of that.

So we can do this better than we are doing it now, and that is
a much more productive way of thinking about the challenge of
how to help all students succeed than just sort of dividing students
into blocks and saying, well, here is a remedial group and here is
an enrichment group and here is your typical group, and so on.

Mr. BAIRD. I would be very interestedand I know my time has
expiredbut I would be very interested in some cost benefit anal-
yses about if we can tailor that individual tutoring with appro-
priately designed technology to individuals, if we could reduce
drop-out rate, improve performance, possibly reduce crime and sub-
stance abuse, etcetera, it might be money well spent. Thank you,
Mr. Chairman.

Chairman SMITH. The gentleman from Connecticut.
Mr. LARSON. Thank you very much, Mr. Chairman. And let me

also thank you for conducting this hearing. You know, I amI
serve on the Armed Services Committee, as well as the Science
Committee, and I am always struck by the fact that if this was a
discussion in Armed Services, there would be no question about the
money, no question about the need, and then it would be how much
money can we send you, and are we giving you enough. And, yet,
I firmly believe that we, in essence, need a technological marshal
plan for the Nation if, in fact, we are going to be able to individ-
ualize instruction for all of our students and leave no child behind.
I think Washington is, these days, is filled with a great deal of acri-
mony about leaving no child behind, about accountability and test-
ing, because those are all the easy things that we can take imme-
diate credit for.

I am impressed by the level and depth of your testimony and
how difficult the problems that we face in education are. And, as
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several on this Committee are grappling with, you know, trying to
get our arms around this situation, I am wonderingI think it is
pretty intuitively obvious that the defense of the Nation and its
continued economic prosperity and our public education system, are
linked and tied to our future. Yet, I think we have got our heads
in the sand as a Congress in terms of looking at what we need to
do within our school systems. There needs to be a fundamental re-
tooling and restructuring. And Bobby Etheridge talked about the
facility that we are in. You know, our laboratories, if you will, for
education, our school rooms, are in woeful neglect and not nearly
up to speed so that we can compete in a global knowledge-based
economy.

Now, in some of your testimony, Dr. Dede, is, will these centers
be a springboard or should the country plunge forward? Just like
we were able to put a man on the moon with the same kind of can-
do attitude that we are going to take and reconstruct an education
system that is based on a knowledge-based economy with informa-
tion and data being the future currency. And that is how we will
continue to thrive and prosper. I would be interested in your com-
mentsany of you.

Dr. DEDE. Well, first, I very much I agree with you that this is
not something on which we should wait and eventually, when we
have research results, then move forward. In fact, as I indicated in
my testimony, I think there is good reason to believe that without
more fundamental changes in our approach to education, that the
seeds generated by these research centers would fall on barren
ground in terms of the opportunities for their application.

One of the things that is most exciting to me out of the advances
in cognitive science and learning technologies has been the extraor-
dinary things that we see from all students when they are really
taught in powerful ways. Two of the things that the National
Science Foundation has funded illustrate this. Sim-Calc is a pro-
gram for teaching qualitative calculus, the mathematics that have
changed to middle school students, as a precursor for algebra.
Biologica is a program for teaching college-level genetics to middle
school students as a way of understanding something that is now
becoming very important within society, within the human genome.
And we find that middle school students, all middle school stu-
dents, when they are taught well, are capable of this kind of
achievement.

So both higher standards for what we believe students can learn
and the kinds of structural changes that you are describing are
necessary, are very important if we are going to harvest what these
research centers might create.

Dr. HALPERN. I would make the point that our strongest national
defense is an education citizenry. I would also make the same ar-
gument for anyone who is on the economic indicators, that there
is a clear literature that links educational outcomes and education
level to the economic health of our country. I think this is a defense
issue and an economic issue and that -we need very strong leader-
ship from Washington to really make it a coordinated national pri-
ority.

Dr. MESTRE. I would like to comment on your issue about if we
well-equip the classroom can we throw money at it and do well. I
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would askwell, are the teachers capable of teaching this kind of
environment? That is an important issue. You can have something
wonderful, but if it is not used in the way to maximize learning,
then where are we.

Also, in terms of teachers, they have a tremendous workload and
how much time is there for them to look at research and learning
how it might impact their teaching. All these things are as impor-
tant as the facilities that they teach in.

Mr. LARSON. Well, I agree that teacher training is essential. We
have had Dan Goldin in front of the Committee, however, talking
about intelligent agents. The same kind of technology where, in the
workforce today, ultimately, an individual is going to be conferring
with an intelligent agent that takes on human form and has the
same cognitive and effective abilities to make decisions and guides
that person through there. It doesn't seem like universally we are
anywhere near that in public education. But I will tell you what,
we will do a lot to say teachers at fault. We will do a lot to say
that we are spending too much money in this area.

And there is a lot of truth to a number of these arguments, but
the reality is, if this Nation doesn't wake up and protect a funda-
mental interest that has got us to this position today, we are in a
sorry state. And we needwe didn'tnot retooling the automobile
industry has been an indicator that everyone always points to. Not
retooling public education to the factand that includes the train-
ing of public teachers and the preschool work that needs to be
donebut not recognizing the world that we are living into today
and conforming, will be a major loss for this country. And it is an
investment. It can't be done locally because the tax base just won't
allow it. Wethe Federal Government needs to step in.

Chairman SMITH. The Chair recognizes
Mr. LARSON. I am sorry.
Chairman SMITH [continuing]. The gentleman from

California
Mr. LARSON. Sorry.
Chairman SMITH [continuing]. Mr. Baca.
Mr. BACA. Thank you very much, Mr. Chair, for having this

hearing and thank the panelists as well for being here. I think, like
most of us, we believe that we should be investing a lot more
money in education, and I don't believe that we have invested
enough in education. And I believe that we have got to prepare
each and every one of our children for the 21st century andas we
look at technology and the use of technology. And we also look at
what is important for a lot of us, as we look at new instruments
and new tools that are being used, it is also very important that
we have critical thinking, because that is one of the processes that
is missing in this ingredient, is that our children are not thinking
like the way most of us were educated in the past. We need to also
build their self-esteem, their motivation, and their confidence in
order to be able to do what is necessary.

And from our point is that I want to make sure that we continue
to invest as much as possible in education and to make sure that
we leave no child behind, which means that we have got to have
the tools and the instruments in every one of our schools to make
sure not only a center, but also that centers are available for our
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children can go to learn because then some will advance while oth-
ers will be left behind, so how then can we compete in this global
economy.

So my questions area couple of questions for Dr. Dede and Dr.
Songer. The availability of computers and web site materials have
grown such that, at the present, teachers with an overwhelming
array of potential teaching materials, making it difficult to identify
the really good online resourceshow can standards and assess-
ments of computers and web materials be developed to reduce indi-
vidual burden to teachers and to help them find quality materials?
Either one.

Dr. SONGER. Well, actually, through the National Science Foun-
dation there are several boutique projects that have addressed and
come up with solutions to the problem that you raise. There are or-
ganized search engines, for example, that are specifically tailored
for children and particular learning goals. And they can help teach-
ers. The problem is that we don't have the mechanisms to get these
boutique-developed projects out into, you know, millions of learners
and we really need an infrastructure and an organizational dis-
semination mechanism like the national centers we have talked
about, I think, as a mechanism for getting things that we know are
working and products that are having impact on a small level out
much more broadly.

The second point I wanted to make related to this is that you
mentioned the importance of developing both skills with technology
and critical thinking. And I think we have a fundamental research
finding that can help us understand ways to address both of those
at the same time. And that is the research that talks about teach-
ing much smaller numbers of concepts, as they do, for example, in
Japan and other countries, as compared to the United States. So
we know, for example, that an eighth grade science textbook in
Japan hascovers eight major concepts, whereas an eighth grade
science textbook covers something like 68. So what we really need
to do is use technology, in part, to develop a set of resources that
will focus on a smaller number of concepts and allow students to
really work with them for enough time that they can get to the
critical thinking skills and understandings that we envision.

Mr. BACA. But in order to do that then that means that class size
reduction is so important too, as well, because that makes it very
difficult if you have got a good instructor, but you have got 35 to
45 students in the classroom. Is that correct?

Dr. SONGER. I don't necessarily think that you have to have a
small class size if you have resources that are well-organized. And,
in particular, as Dr. Dede mentioned, there are a growing number
of resources that can help students learn in small groups or more
on an individual basis, and we are working on ways to help teach-
ers manage that even within large class sizes. And we are doing
that relatively successfully within Detroit Public Schools, which
has large class sizes.

Mr. BACA. Uh-huh.
Dr. SONGER. So smaller sizes clearly help with some of these

issues, but it isn't necessarily only
Mr. BACA. But it does help when it comes to self-confidence and

self-esteem. If you are put into a large environment in that group,
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it becomes a lot more difficult. If you break them up into the cat-
egories that you said, yes. But for someone that maybe has not
been able to comprehend, it becomes very difficult for that child in
terms of that self-esteem and that confidence.

Dr. SONGER. Well, in the best of cases, the teacher becomes the
facilitator and the resourcetechnological resource can help with
some of the guidance of the students' learning

Mr. BACA. Uh-huh.
Dr. SONGER [continuing]. So that that allows them to get more

individual tailoring to their needs in a way that it doesn't have to
all fall on the teacher themselves.

Mr. BACA. Okay. I have one other questionand I will read the
statement and then I will ask the question. In 1996, the report on
Education Technology Commission by the Office of Science and
Technology Policy, recommended, as the highest Federal funding
priority, support for large-scale demonstrations of school programs
using advanced technology with careful assessment of educational
outcome. This was also the recommendation of the President's
Committee of Advisors on Science and Technology in 1997. And it
was also endorsed by the recent Web-based Education Commission
Report. Do you agree with this recommendation? If so, what are
your thoughts on how to implement it? And, on the level of re-
sources, what would be required to do so? Any of you?

Dr. DEDE. Well, first, absolutely, I think many of us agree with
that recommendation. Second, a lot of the testimony has indicated
that that can't be accomplished by saying to existing funding pro-
grams, please give more emphasis to this area, as I think has been
done in the past, because existing funding programs tend to fund
what they have always funded. So what we are suggesting is that
a new initiative centered on this kind of research and investment
will be more likely to produce the kinds of shifts that have not hap-
pened over the last 5 years than another admonition to existing
funding programs to try to do a better job with use-driven research.

In terms of what it is going to take, I think that it is going to
take, perhaps, initially, 100 to $200 million, scaling up from there
as the research capacity expands, to be able to take full advantage
of the resources and use them wisely in these studies. And I think
it is going to take funding mechanisms that are of the kind that
we have described in our testimony, that are competitive, that are
problem-centered, that begin with what practitioners struggle with
and then look back to basic research for ideas about answers.

Dr. BACA. Thank you. Iyou know, basically, I agree with you.
But part of the problem that we have is that the argument from
one side usually comeshere is a mandate that we are requiring,
but no Federal funding to back the mandate, which is a problem
that we have and hopefully that we can come together on a bipar-
tisan and support the funding along with a mandate as we look at
leaving no child behind and allowing them to be creative in think-
ing and being prepared to deal with what needs to be done and
doing the teacher training, the staff development, and the adminis-
trative training, as well, that is very important as well, and being
in uniform in terms of what needs to be done. But I agree with you,
you know, from my perspective.
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Chairman SMITH. And, Congressman Baca, I think we will do a
short second round if you want to ask more questions. Iexploring
this a little further, last week at our hearing, Dr. Parravano from
Merck and agreed to by Dr. Sadler from Harvard, said that they
thought that students between the kindergarten and third grade
was the time period that those students generally would get their
inspiration or excitement or interest in math and science.

And so how much research are we doing toif that is trueand
maybe comment on whether you think it is true or notif that is
true, then are we doing our research to have that kindergarten,
first, second, and third-grade teacher know the things, do the kind
of things that can excite those students? Where is our research?
And as we decide where to spend the money on research, as the
National Science Foundation decides what sounds like a good idea
for research project and what doesn't, is there a danger of us being
too technical and maybe not looking at some of the inspirations
that can be accommodated with a greater interestinspiring a
greater .interest in those younger students?

Dr. MESTRE. Yeah. I just don't have a good answer to your ques-
tion. What seems to be known is, for example, girls and boys do
equally well in math and science until a certain pointmiddle
school, and then there starts to be major deviations. So that is an-
other issue that I am not sure we understand well and it would
pay us to understand well. Though I agree we need more work.

Dr. DEDE. I think
Chairman SMITH. So do you think it is true? And maybe that is

not your field of expertise. But if it is true, then we should be look-
ing at the kind of techniques or research. I mean, certainly, stu-
dents, people learn in different ways as they get older. So a re-
search effort and application that might be a great effort for high
school students, might not be the same application for those early
grades.

Dr. DEDE. Well, I think the early grades are extremely impor-
tant. And I think that young children bring a lot of natural curi-
osity and motivation that often schools lose rather than reinforce.
I think one particularly unfortunate thing that is happening now
with the current movement for educational reform is elementary
teachers are getting told it is all reading and math. You know,
make sure the kids can read; make sure that they can do basic
math.

And so things like science are getting squeezed out of the cur-
riculum by the increasing pressure to just drill, drill, drill on read-
ing and math. And while it is important to be able to read, and it
is important to be able to do mathematics, more creative curricular
approaches to teach reading in the context of learning science
math and the context of learning science, are ways of doing both
and rather than putting teachers into an either/or situation.

Chairman SMITH. And let us go maybe a little further in soci-
ology and go to the ififluence of parents. Should we be doing some
research in good techniques to excite the parents because I think,
from our experience, generally in education, if the parents are in-
terested in math and science and not fearful of it, then there is a
greater likelihood that the students are going to do well in math
and science. And so, you know, I suspect that part of our problem
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is the fact that these kinds aren't in that kind of home environ-
ment that gives them that kind of encouragement and excitement.
YeahDr. Halpern.

Dr. HALPERN. I am excited about the idea of family learning cen-
ters. We really are moving to the need for life-long learning. We
each have to upgrade our own learning and skills, you know,
throughout life. I think it used to be more of an empty phrase and
I think it is a reality. Everyone must continually be learning new
kinds of computer skills to move forward or even to maintain their
own job. We could be doing a lot more in bringing families together
in learning where, in fact, we would offer, you know, continued
learning to parents and, at the same time, at the same site, have
learning centers for their children. Parents are critically important
and they arehave been left out of what we have talked about,
and where we incorporate them, I believe the better chance we will
have.

Chairman SMITH. I did a survey in three of my eight counties for
kindergarten through sixth grade, and over 50 percent of the stu-
dents come from nontraditional families, most of which are single
mothers. And so the challenge of raising kids today, if you have got
two parents, let alone one, has got to somehow have an effect on
those kids' willingness, interest, ability to learn. And I don't know
if we are doing research in it. Dr. Songer.

Dr. SONGER. Oh. I was just going to agree with you and say that
what is happening in terms of one mechanism for having more
familypromotion of family learning, is happening in some urban
areas, for example, Pittsburgh and Detroit and other areas, where
they use the technology resources as a facilitator for family learn-
ing. And they actually use the schools and where the computers are
as community centers for parents to come in and do homework and
even update their own resumes using the computers in the schools
after hours. So there are some actually very imaginative ways to
get more family involvement in student learning in some of the
urban centers, but these are really just pockets of success and we
clearly need muchyou know, better mechanisms for having these
processes get distilled throughout.

Chairman SMITH. Iflet us assume for a momentand I will fin-
ish with thisthat it is true that the child between 5 and 10, or
maybe between 2 and 10, whatever, has the potentiala greater
potential to be motivated and interested and, therefore, does a bet-
ter job in math and scienceare we doing any research for that
grade level? Are weare teacher universities doing anything to
deal with that? I am looking for maybe what we should do in terms
of expanding research or expanding a greater effort.

Dr. SONGER. The IERI initiative that I am funded under does
have one specific focus area that is K through 6 learning, and they
are looking specifically at reading, math, and science within that
those age populations because they are also recognizing that we ac-
tually don't, I don't think, have enoughquite as large a body of
research on the learning in those early years. I guess that is it.

Dr. DEDE. I think that one thing that we do know from research
is that we face a real challenge at the elementary school because
the teachers are responsible for all subjects, and so many teachers
have very little preparation in science orand, therefore, have
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trouble using the kinds of subject-specific pedagogy that the Panel
has described. And part of the promise, I think, of the learning
technologies is to make other kinds of resources available to those
teachersparents who know something about science who, through
technology, can be resources within the classroom, distance experts
who can be resources within the classroom. There is a lot of cre-
ative work that could be done with helping compliment the skills
that elementary teachers have in areas that weren't the primary
source of their preparation.

Chairman SMITH. Again, thank you veryall very much. We
have kept you a long time. Maybe just briefly, for 1 minute, any
other issues that you would like to mention or suggest as we pro-
ceed in writing our authorization bill for the National Science
Foundation.

Dr. MESTRE. One thing that I threw out and nobody bit on was
the issue of: how scientists teach science to all students at the uni-
versity level. And I think that is something we actually have to
look at carefully because it sets a model for what teachers, per-
fected teachers, are going to do when they leave. And as long as
they observe teaching of a certain type, they might go and mimic
it, which is not necessarily what we want.

Chairman SMITH. Okay. Good point. Dr. Halpern.
Dr. HALPERN. Yes. One thing I hadn't mentioned, but believe to

be important, is a look at the actual reward structures. Are we re-
warding faculty for engaging in these activities and, in fact, not
punishing them?

Chairman SMITH. Thank you. With that, again, thank you very
much. The record will be held open for 5 legislative days for any
additional comments or insertions by the members of the Sub-
committee. And, if our panelists might agree, there is a few unan-
swered questions that staff would like to know your reaction to, if
we might send them to you. And with that, the Committee is ad-
journed.

[Whereupon, at 12:30 p.m., the Subcommittee was adjourned.]
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ANSWERS TO POST-HEARING QUESTIONS

Answers to post-hearing questions submitted to Jose Mestre, Professor of Physics,
University of Massachusetts, Amherst

APost-Hearing Questions Submitted by Chairman Nick Smith
A-1. When a new theory of education practice is developed, how much research is
typically done to demonstrate that the theory is "correct" versus rigorously comparing
the new theory to others? How can we build research centers and communities that
conduct non-biased research on teaching and learning in spite of pressure to embrace
a particular theory or practice?

Proposing that there is or will be "a" theory of educational practice is interesting,
but probably not realistic, for a number of reasons that are based on what we know
about learning and what we know about behavioral science. Educational practices,
as it was pointed out in the National Academy of Sciences book, How People Learn,
cannot follow the old quest of searching for a "one size fits all" remedy to effective
delivery of educational practices. We are a very diverse nation, and while I would
agree that we can have singular goals of excellence and effective learning for every-
one, there are many factors that give meaning to learning experiences. These are
termed "mediators of learning," to indicate that knowledge is not poured into the
cranium in ready-to-use form by the student. Rather, culture, age and socio-eco-
nomic status of the learner, knowledge possessed by the teacher, the content that
is being learned, the home and school languages of learners, the support systems
in the community to support learning are all factors that influence educational prac-
tices. And because of the complexity of the task, it is important to hold each and
every educational innovation up to the scrutiny of scientific validation. This is not
a search for "the correct theory," but how science proceedshypothesis testing
against theory and accepted practices.

In education, theories evolve from data on learning experiments and observations
of how people learn. Hence, the issue is not so much whether or not a theory is "cor-
rect," but rather whether or not the theory is consistent with our observations and
understandings about learning. Research centers in education, as in any other
science, should be in the business of gathering data on learning and teaching, and
using those data to refine or recast theories of teaching and learning so that the
theories are consistent with observations. If a research center "embraces" a theory
and sets out only to gather evidence to "prove" the theory, then that center is not
a true research center in the scientific sense. The major difference as I see it be-
tween research in the sciences and research in education is that in education, it is
extremely difficult, if not impossible, to control for many of the relevant variables
that enter a learning/teaching experiment (e.g., the factors listed in the previous
paragraph confound results).
A-2. Approximately what percentage of existing curricula and textbooks have under-
gone the kind of rigorous assessment required to evaluate their impact on student
learning and to determine how best to use these resources for optimal classroom in-
struction? What models exist for rigorous assessment of curricula and textbooks for
their impact on student learning?

Textbooks are driven much more by market forces and tradition than by scientific
evidence on their effectiveness. Despite publishers' claims, it is rare that a textbook
undergoes field testing that goes beyond peer review or questioning teachers' satis-
faction with it (and that is often limited to the teachers' guide and sets of test ques-
tions, and not focused on the book content). So, rather than providing an arbitrary
percentage, let me just say "rare" versus commonplace is how I would characterize
rigorous textbook and curriculum evaluation.

This raises an interesting dilemmahow does one change the market forces so
that textbook design reflects more accurately our knowledge of learning? We have
a vicious cycle at work that is hard to break. Most textbooks that are based on re-
search on learning (e.g., many of the NSF-funded curricula fit this category, includ-
ing a high school textbook developed by our Physics Education Research Group
called "Minds-On Physics" and published by Kendall-Hunt) not only look different
from traditional textbooks, but are intended to be used within a different kind of
classroom environment (e.g., using active learning or inquiry modes, rather than
passive lecture modes). If teachers teach traditionally, they are likely to select a tra-
ditional textbook that fits traditional methods of teaching. Using an innovative cur-
riculum based on research on learning within a traditional instructional style is a
recipe for disaster. So, what we need to do is to find a way to educate teachers on
ways of teaching that are consistent with research on learning, and simultaneously
provide textbooks and curriculum materials that support the new teaching styles.
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So long as teachers continue to learn from traditional textbooks and to teach in tra-
ditional ways, we will not change the market forces that drive textbook design and
production. We also need to keep in mind that textbook publishers are not the vil-
lainsthey simply satisfy market forces.

Finally, in terms of models for evaluating the impact of curricula on student
learning, most NSF-funded curriculum development projects (including our own
Minds-On Physics) require rigorous evaluation. Hence, models exist for doing this,
but large publishing companies certainly don't evaluate their products in any mean-
ingful ways.
A-3. Proponents of inquiry-based and discovery learning in the U.S. correlate the use
of these methods in Japan, Singapore, and Korea with the high scores these students
receive on international comparisons such as TIMSS (Third International Math and
Science Study). Has the use of inquiry-based teaching methods led to a significant
increase in test scores for American students? What elements might be missing that
would explain the limited success of inquiry-based learning in the U.S.?

I particularly like this question: it's not a trick question, but I think that the an-
swer contains some surprises that are seemingly counter-intuitive. It's important to
separate inquiry learning from the TIMSS issues. Let me mention the latter first:
We Americans are always embarrassed by the TIMSS results, but are not too sur-
prised when we learn that students in Korea, China, Japan, and Singapore do so
exceedingly well on the math and science sections in comparison to American stu-
dents. In a speech this past April, Akito Arima, former Japanese Minister of Edu-
cation and Science, explained that the high performance by these Asian countries
concern him greatly. What Dr. Arima was referring to is that composite scores on
math and science do not reflect fully how the Asian students emerge from their
learning experiences. When given questionnaires, the Asian students uniformly
state that they do not like math and science. By contrast, the American students
come out of their educational experiences with much more favorable attitudes. The
implications of satisfaction with learning have serious consequences for the math
and science courses that they will elect to take in the future and the careers that
these students will eventually choose. This is why Dr. Arima is so concerned: he be-
lieves that the emphasis on achievement has not been balanced with an apprecia-
tion for the science and math that the students are learning, albeit they are learn-
ing their lessons well.

This brings me to the second, or really the first, part of your question regarding
Inquiry Learning. Depth-of-understanding is the goal that teachers have for learn-
ers, and there is strong evidence of the effectiveness for allowing students to explore
a domain of learning and to learn how to frame questions about that topic. Now,
obviously, some things like historical dates and multiplication tables need to be
taught directly. But the core of Inquiry Learning is to identify the major principles
and concepts and to coach students in the art of applying those principles and con-
cepts to appropriate contexts. For learning to be self-sustaining and lifelong, the stu-
dents need to learn the frameworks for searching for answers. I believe that both
depth of learning and satisfaction with learning are the goals we want to achieve.

I should mention other factors relevant to explaining the big performance dif-
.ferences between US students and Asian students in TIMSS. Effectiveness of in-
quiry-based learning depends highly on the teacher's ability to implement this meth-
od of learning effectively in the classroom, and in the U.S. we have far to go in
terms of helping teachers acquire the knowledge and expertise to become coaches
of learning. Another important factor that contributes to these performance dif-
ferences is time on task. There is evidence that Asian students spend considerably
more time doing math and science (many while attending after-school schools) than
American students, and research on expertise indicates that time on task is the
most important factor in developing expertise.

Let me conclude by addressing the part of the question dealing with whether or
not inquiry-based teaching has led to a significant increase in test scores for Amer-
ican students. I do not know of any large-scale systematic study of this question,
important as it is. However, there are very encouraging indications that inquiry-
based teaching methods are superior to traditional methods, especially for under-
served students. Dr. Michael Klentschy, the superintendent of El Centro School Dis-
trict in the southeastern tip of California, mandated that elementary school teachers
in his district use inquiry methods to teach math and science. Most teachers adopt-
ed NSF-funded curricula since those are the best examples curricula designed for
inquiry-based teaching. Despite the fact that the student population is over 85% mi-
nority (mostly poor, Limited-English Proficient Hispanic children of migrant work-
ers), test scores on the Stanford Achievement Test improved dramatically 2-4 years
after these instructional methods were adopted.

8 4
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A-4. In your testimony, you indicated that the workshop structure commonly used
for the continuing education of in-service teachers is not aligned with findings from
the science of learning. Could you elaborate on this statement by explaining more
fully the disconnect between trends in teacher continuing professional development
and the science of learning and by describing a more effective structure for future
teacher continuing education programs?

There are several reasons why I think current practices for the continuing edu-
cation of in-service teachers are not aligned with findings from the science or learn-
ing. The typical in-service experience for an in-service science teacher consists of at-
tending a 1 or 2 week summer program with a few (typically from 2-4) follow-up
days during the school year. Research on learning suggests that it takes consider-
able time to gain expertise in any subject, and acquiring expertise to teach in ways
that reflect how people learn is no exception. Thus, teacher enhancement programs
as described above may be good for exposing teachers to teaching practices based
on learning research, but they are not sustained or prolonged enough to make a
lasting impact on their classroom practices. We should be exploring and evaluating
teacher enhancement models that are more sustained (i.e., lifelong), that do not re-
quire teachers to add more to an already packed schedule (i.e., that allows teachers
time for reflection, instructional design and experimentation with teaching styles),
and that encourage "communities of practice" where teachers discuss among them-
selves on a daily basis their teaching and learning experiences within their class-
rooms so that they can share and build teaching and learning expertise. I hasten
to point out that what I am suggesting is a model that is common practice in univer-
sity and industrial research & development. The major obstacle that stands in the
way of implementing such a model with K-12 classroom teachers is economicsit
is expensive to provide all teachers with enough release time to engage in these ac-
tivities.
BPost-Hearing Questions Submitted by Ranking Minority Member Eddie

Bernice Johnson
B-1. By what means can strong ties be developed among those who perform basic
research in cognition and human learning, those who perform education research,
and teachers, school administrators and developers of educational materials? Does
the Interagency Education Research Initiative show promise as a mechanism to
achieve this kind of collaboration?

A major obstacle in forging strong ties among researchers, teachers, and school
administrators is that it is somewhat difficult for university researchers, given their
time constraints and "core" duties, to spend much time physically at schools working
with teachers. Technology can help in this regard by forging partnerships that allow
researchers to observe and interact with schools and teachers remotely, for example,
by being able to observe classroom practices via the web while sitting in their of-
fices. We currently have the technology to accomplish this, and I hope that more
IERI projects explore this method of collaboration.

I believe that the Interagency Education Research Initiative (IERI) is moving to-
ward some important objectives. The Initiative was designed to move research from
small scale laboratory studies to "scaled-up" proportions. This is very difficult to do
for a number of reasons, including that scaling-up means taking the innovations to
classrooms of all sizes and types, to teachers of all levels of preparation, and to dis-
tricts with an array of resources and commitments to innovation. We need to face
the reality that accepted practice is a very powerful motivator and a very powerful
force to overcome. So, I believe that initiatives such as IERI are very important for
understanding what it takes to place research into school systems. I don't believe
that such objectives can be achieved without a full scientific knowledge base about
learners, which is to say that behavioral science, including human cognition and
human learning, provide an important research base for implementation of learning
science. For this reason, I believe that it is important to include fundamental behav-
ioral research as part of any funding for large initiatives.
B-2. What are the key factors in moving research results in human learning into
educational practice in the classroom?

A key factor in moving research results in human learning into educational prac-
tice is "gestation time." It is unreasonable to expect that research discoveries about
human learning made today will be applicable in classroom settings tomorrow, or
even next year. To make an analogy, we should keep in mind that it took decades
after the discovery of lasers to put them to use in medical applications, space explo-
ration, audio-visual technology, etc. Much of the instructional innovations taking
place today apply learning research findings from 10-20 years ago. For example,
many of the intelligent tutoring systems that help students achieve proficiency in
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math quickly and efficiently employ findings from research on expertise conducted
during the 1980's and 1990's. So, I would say the key factor in moving research re-
sults on human learning into educational practice is to continue funding basic re-
search on human learning and allow for the proper gestation period.

B-3. The NSF budget proposal for FY 2002 includes a request for $200 million to
fund partnerships between institutions of higher education and K-12 schools to im-
prove science and math education through bringing research-based approaches into
the classroom to improve student achievement; strengthening math and science
standards and curricula; eliminating the performance gap between majority and mi-
nority and disadvantaged students; improving math and science training for teach-
ers; and reaching under-served schools and students in creative new ways. What por-
tion of the resources available for this initiative should be used for basic education
research, and what ought to be the priorities of the research components?

I feel uncomfortable putting a number on what portion of NSF's K-12 resources
should go to basic education research. However, we should look at the private sector
for some clues. There, it is commonplace to find 15%-30% of expenditures going to
research that could ultimately improve products or develop new product lines. Cer-
tainly 15% of the $200 million is not unreasonable given the payoff potential of basic
education research in the long term (see my answer to B-3 above). Perhaps more
important is that every project funded contain a research component, whether that
component consists of applied or basic research is not crucial, but what is crucial
is that we evaluate any program that attempts to improve on the science/math edu-
cation infrastructure (e.g., evaluating the effectiveness of curricula, of teacher en-
hancement models, etc.). In terms of the priorities of the research component of this
funding request, I would repeat what I stated in my testimony, namely that we
should be finding ways to fund the best people to do the best research, and to make
sure we do not exclude the talents of many excellent investigators simply because
they did not join some large consortium competing for the funds.

B-4. Describe key features of a federal program to disseminate information about
successful educational practices and materials and to support their widespread use?

This is a very good question since it is often the case that many successful prac-
tices or innovative curricula resulting from federal funding are "well-kept secrets"
for circumstantial reasons. Let me give one example: Since most textbooks pub-
lishers publish "clones" of the archetypal traditional textbook, it is difficult for inno-
vative curricula to find large publishing houses willing to publish, and aggressively
market, avant-garde products. The smaller publishing houses that take on NSF-
funded curricula are not large enough to disseminate widely the successes of the
NSF-funded curricula, nor are they large enough to compete with the behemoth
publishing houses.

One route to take is to establish and advertise a national web-based clearing
house of educational practices, curriculum, and innovation. This site could serve as
a reference service not unlike the reference services provided by libraries. First, it
could provide information, but also it could answer queries from teachers and ad-
ministrators about existing curricula or programs targeted to their specific needs.
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ANSWERS TO POST-HEARING QUESTIONS

Answers to post-hearing questions submitted to Dr. Nancy Songer, Professor of Edu-
cation, University of Michigan. Questions or comments can be directed to:
songer@umich.edu

Post-Hearing Questions Submitted by Chairman Nick Smith
1. When a new theory of education practice is developed, how much research is typi-

cally done to demonstrate that the theory is "correct" versus rigorously comparing
the new theory to others? How can we build research centers and communities
that conduct non-biased research on teaching and learning in spite of pressure to
embrace a particularly theory or practice?

While it would be wonderful if educational theory could be tested through experi-
mental design in classrooms, unfortunately this is not possible. Therefore to answer
your question directlyvirtually none, however this does not mean that educational
theories are not supported with strong research evidence. As in many other dis-
ciplines, theories are the idealized, foundational backbone behind practice and im-
plementation. A given theory can be applied in many different contexts, often real-
izing differential outcomes.

Nevertheless, an implication of your second question is that we need stronger re-
search-based centers that can serve as clearinghouses for both high quality edu-
cational research and dissemination of research results exemplified in practice. In
my response to question 4 of Ranking Minority Member Eddie Bernice Johnson
below, I suggest the development of sets of working exemplars of successful imple-
mentation of a given curricula or reform program that are available for critique, re-
view, and discussion among teachers, policy-makers, and researchers. These would
be affiliated with Research Partnership Centers, and serve as the currency for ar-
ticulating what is working, or not working, in actual classroom settings. Aspects of
this model are an integral part of the professional development of Japan, and serve
as essential lifelong learning mechanisms to improve classroom practices and the
impact of learning research on Japanese classrooms nationwide.
2.- Approximately what percentage of existing curricula and textbooks have under-

gone the kind of rigorous assessment required to evaluate their impact on student
learning and to determine how best to use these resources for optimal classroom
instruction? What models exist for rigorous assessment of curricula and textbooks
for their impact on student learning?

My response to this question resembles my response to Question #1 above: Cur-
ricula and textbooks are not instruments that can be measured in the manner de-
scribed. What can be measured is learning. As learning is a complex process, it that
takes into account the. influence of many factors including: the nature of resources
utilized (like textbooks), the nature of the teaching practices, the social environ-
ment, and the learners' knowledge and beliefs, among other factors.

On-balance, educational researchers are conducting, and need to continue to con-
duct, longitudinal, rigorous research to determine the range of conditions that lead
to "successful" outcomes with particular curricula, textbooks, Internet resources, or
any other learning resource. My belief is that programs such as the Interagency
Education. Research Initiative (IERI) outline important guidelines, partnerships, and
models of dissemination that can help us realize these results in a timely and effec-
tive manner.
3. Parents can be very suspicious of education research and the introduction of new

instructional methods, in part because of the heated debate over phonics versus
whole language methods of reading instruction. How can parents be better en-
gaged in the education research effort?
Educational researchers need to organize and create Research Centers, as de-

scribed in these responses and in my testimony, as an important mechanisms for
the nationwide organization of systematic research studies, and the organization of
resources for widespread dissemination. We need these Centers to advance our un-
derstandings and, perhaps more importantly for this question, to advance our ability
to communicate essential kernels of our research to the public. More details on
these Centers and dissemination models are available in responses 1 and 4 to Con-
gresswoman Johnson's questions below.
4. While higher order thinking skills are very important as students transition from

school to work so is the ability to memorize, assimilate, and recall factual knowl-
edge. Are contemporary pedagogical practices that stress discovery over content
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mastery shortchanging students who will need memorization and recall skills
when they enter the workplace?

This is a very important question, as it represents the problems experienced by
both the public and educational researchers with the oversimplification and
miscommunication of educational research, such as that experienced in the whole
language versus phonics wars in early reading. As I believe educational researchers
and the public now recognize, the best reading program is one that promotes essen-
tial characteristics of both whole language and phonics. Similarly, while current
definitions of scientific literacy discuss the promotion ofhigher-order thinking skills,
they promote this approach in contrast to the nearly exclusive emphasis in the past
on memorization and recall, not towards the exclusion of instruction promoting
memorization and the recall of factual knowledge. In my view, the best school-to-
work programs and the best school programs in general recognize this underlying
assumption. What we have not done a good job of is emphasizing that the strongest
contemporary pedagogical practices that discuss a current foci on inquiry thinking
in science recognize the value both in the understanding of scientific facts and con-
cepts, as well as fluency with scientific thinking skills.
Post-Hearing Questions Submitted by Ranking Minority Member Eddie

Bernice Johnson
1. By what means can strong ties be developed among those who perform basic re-

search in cognition and human learning, those who perform education research,
and teachers, school administrators and developers ofeducational materials? Does
the Interagency Education Research Initiative IERI show promise as a mechanism
to achieve this kind of collaboration?

As discussed by a group of national educational leaders sponsored by the Amer-
ican Psychological Association as they were focusing on H.R. 1 and S. 1 in June
2001, Mathematics and Science Partnerships should have the following characteris-
tics:

a. Each partnership should include three strong partners: 1. Learning research-
ers. 2. Disciplinary experts. (i.e., scientists, mathematicians). 3. Leader edu-
cators.

b. Each of these groups should study their own progress and evaluate their con-
tributions using sound research methods.

c. The overall partnership program must include a strong research component
that will advance our knowledge of the processes of learning, teaching, as-
sessment, and educational change. IERI models this research-centered focus.

d. A substantial percentage of funds (we suggest 20%) should be made available
for the research component and should be allocated through a national peer
review process. Again, IERI models this process.

e. Partnerships need funding for the foundational years (i.e., 5 years), but
should not expect sustained funding. Mechanisms should be investigated for
ownership and sustainability beyond this initial funding period.

In many dimensions, IERI shows great promise as one mechanism to achieve this
kind of collaboration. For example, IERI places a strong emphasis on both quality
research and tangible outcomes and impact in large numbers of schools. The tan-
gible, widespread impact we desire can only be achieved through the kinds of large
research infrastructure and multi-disciplinary partners required in an IERI grant.
In addition, the tangible, widespread impact we desire can also only be achieved
through focus on particular reforms for more extended periods of time, as IERI de-
mands. This longevity allows reforms and partnership relationships enough time
and continuity so that reforms can get to the point that tangible and meaningful
research outcomes are clear and easily communicated.
2. What are the key factors in moving research results in human learning into edu-

cational practice in the classroom?
Improving classroom-based practice requires using and extending what we know

about effective learning, teaching and learning environments. Capstone documents
exist that summarize what we know (see for example the National Research Council
report, How People Learn).

Key factors in moving research results on learning into educational practice in-
clude:

a. Specific Partnership Centers as clearinghouses for the generation, trans-
lation into communicable forms, and dissemination of research results (see
response to question 4 below for recommendations for these partnerships),
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b. Congruence between testing, pedagogy and curricula, and
c. Longevity of working relationships reforms and research.

Congruence between testing, pedagogy and curricula is essential in our current
focus on accountability in schools. As determined among some of the nation's lead-
ing educational researchers recently (sponsored by the American Psychological Asso-
ciation), assessment is a valuable tool if done properly, however methods of assess-
ment now being used in most education accountability systems rely on a 75-year-
old technolou. Major advances have been made in assessment techniques that
should be fully integrated into the educational process (see the National Research
Council report, Knowing What Students Know).

Finally, schools have seen far too many reform-fads come and go. Large-scale im-
pact requires long-term commitments from school administrators, educational re-
searchers, funding agencies, and teachers. IERI provides 5-year funding cycles, and
demands cooperative, sustaining partnerships. Without a minimum of five years
funding, our current work could not, for example, build and support the necessary
infrastructure in Detroit Public Schools that might allow sustained reforms and the
multi-year research studies that can measure sustained impact. In addition, our re-
search demonstrates that most educational reforms do not realize large-scale impact
until approximately the third year of implementation. Teachers, students, and re-
searchers need longevity to effectively demonstrate sustainability and impact on
learning.
3. The NSF budget proposal for FY 2002 includes a request for $200 million to fund

partnerships between institutions of higher education and K-12 schools to improve
science and math education through bringing research-based approaches into the
classroom to improve student achievement; strengthening math and science stand-
ards and curricula; eliminating the performance gap between majority and minor-
ity and disadvantaged students; improving math and science training for teach-
ers; and reaching undeserved schools and students in creative new ways. What
portion of the resources available for this initiative should be used for basic edu-
cation research, and what ought to be the priorities of the research component?

As mentioned in response 1d, I recommend a minimum of 20% of total funding
to go specifically towards research efforts. Research priorities should include studies
that specifically focus on how people learn math, science, reading; what the best
teaching practices are; how new technologies can be harnessed towards learning
goals; and what school organizations support powerful learning. In particular, I rec-
ommend a priority on:

a. Longitudinal studies of student learning measuring long-term impact of re-
form programs on learning outcomes, attitudes, and beliefs.

b. Longitudinal studies of teacher learning and practices, again measuring
long-term impact of reform programs on practices, beliefs, and outcomes.

4. Describe the key features of a federal program to disseminate information about
successful educational practices and materials and to support their widespread
use?

Dissemination of key information about successful educational practices has prov-
en to be challenging for many reasons, including a somewhat widely held misconcep-
tion that educational programs work somewhat like medicinei.e., they are given
to specifically address a particular problem towards a largely reproducible outcome.
Unfortunately, my research suggests that the same reform program implemented in
250 classrooms yields 250 differential learning outcomes, even if many contain some
of the same general features. In other words, while most of the 14,000 students
working with the same 8-week weather program will learn foundational ideas about
weather concepts, the specifics of what they learn and how varies tremendously.

As a result, I believe we need models of dissemination that display a set of work-
ing exemplars of success with a given curriculum or reform program. These working
exemplars could be affiliated with the Research Partnerships mentioned earlier.
Other countries, such as Japan, provide centralized systems for life-long teacher
professional development that provide observation and discussion of several working
exemplars of practice that are consistent with current research findings. We need,
at a minimum, a digital library of video clips, lesson plan examples, facilitated
Internet discussions and other resources targeted around particular curricula or re-
form programs to begin to articulate and exemplify various successful models of re-
search-in-practice and exemplary application of research results. A stronger version
of this idea involves the systematic development of online courses offered through
Centers for in-service, pre-service teachers' ongoing discussions of pedagogical prac-
tices current with educational research.
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ANSWERS TO POST-HEARING QUESTIONS

Answers to post-hearing questions submitted to Dr. Chris Dede, Chair, Learning
and Teaching, Graduate School of Education, Harvard University, 323 Long-
fellow Hall, 13 Appian Way, Cambridge, MA 02138; (617) 495-3839

Post-Hearing Questions Submitted by Chairman Nick Smith
1. When a new theory of education practice is developed, how much research is typi-

cally done to demonstrate that the theory is "correct" versus rigorously comparing
the new theory to others? How can we build research centers and communities
that conduct non-biased research on teaching and learning in spite of pressure to
embrace a particular theory or practice?

An analogy to diets can help to clarify the issues involved in proving that a par-
ticular education practice is better than alternative approaches. A great deal is
known about nutrition, health, and exercise from a basic research perspective; and
scientists have established that any successful, sustained loss of weight must in-
volve permanent changes that include eating less and exercising more. However,
there is enormous disagreement about alternative approaches to dieting, conflicts
that scientists and nutritionists are largely unable to resolve by providing hard evi-
dence. The reasons for this are that the success of a diet in any given individual
depends on:

the particular physiology of that individual, and
the extent to which that person accurately follows the prescribed activities in-
volved in the diet and its aftermath.

For example, diets such as eating low carbohydrates and high fatsor vice versa
vary in their impact from one person to another depending on idiosyncratic 13hysio-
logical issues and also on the ability of the person to honestly follow the diet and
to provide accurate self-reports about what he or she ate and did. As a result of this
situation, a plethora of diets exist, each with contradictory claims, and large-scale
studies have not established some set of "best" diets that the American public will
accept and follow. The wishful thinking intrinsic to human nature coupled with per-
vasive misinformation put forward by vendors with economic interests in particular
types of food products further complicate this issue. The best approach seems to be
what public health officials are doing: stressing the overall benefits of balanced nu-
trition and reasonable exercise without attempting to rank-order a particular set of
dieting strategies.

Establishing a widely accepted set of "best" diets is simple compared to accom-
plishing the same task for educational practices. The correct implementation of an
educational practice involves many more variables than the proper implementation
of a dietary regimen (e.g., preparation of the teacher, match to student learning
styles, willingness of the school culture to provide the conditions necessary for suc-
cess). In comparison to nutrition and exercise, individual variability in learning
styles is higher, misinformation and naive cultural attitudes about education are
more pervasive and entrenched, and determining what shifts constitute "success"
(e.g., learner motivation, self-image, content acquisition, skill mastery, higher order
thinking) is more complicated than simply measuring loss of weight. Therefore, con-
ducting large-scale controlled comparison studies of education practices is very com-
plex and expensive.

[The problems with these comparative studies are typically not due to bias within
the research community. Published articles in research journals and presentations
at research conferences are held to high methodological standards. Of course, nu-
merous unsubstantiated claims are made in magazines and promotional materials
for practitioners, but this is true in many fields.]

Moreover, even if results from large-scale controlled comparison studies of edu-
cation practices were widely available, their usefulness would be limited. First, peo-
ple at every level (from parents to members of Congress) seldom make decisions
about education on a rational basis. For example, a substantial research literature
has established findings about class size that few states or districts implement, be-
cause they would involve economic and political choices that the public, education
administrators, and politicians don't want to make. The 1999 National Academy of
Sciences report, How People Learn, written for members of the public and policy-
makers, has had almost no impact on educational decision-making despite the fact
that it documents many proven research results about education practice.

Second, even when people choose to be rational, some types of scholarly findings
about education practices decline over time in their utility. For example, what is ap-
propriate and intriguing as content for middle school students today may not be in
a decade, due to changes in the family and society, in contrast to fundamental as-



88

pects of nutrition and exercise that change much more slowly. At a time of rapid
change in society, best practices in education alter less rapidly than those in busi-
ness or politics, but still change quickly enough to make the "half life" of many stud-
ies of practice shorter than anyone would like.

None of this is meant to argue against the value of conducting comparative re-
search on education practices. The point is to recognize the high cost and limited
utility of large-scale investments in improving education through such a means.
Overall, the best approach is analogous to that in public health: promote good over-
all approaches to learning (based on the research presented in resources such as
How People Learn) without attempting to rank-order the value of specific education
interventions. How to prepare people to make intelligent choices about the specific
individual and organizational educational situations that they confront is discussed
further in my responses to the questions that follow.
2. Approximately what percentage of existing curricula and textbooks have under-

gone the kind of rigorous assessment required to evaluate their impact on student
learning and to determine how best to use these resources for optimal classroom
instruction? What models exist for rigorous assessment of curricula and textbooks
for their impact on student learning?

The answer to this question is related to my response for question one, Very few
curricula and textbooks are rigorously evaluated, because such evaluations are com-
plex, expensive, and have limited generalizability. Moreover, those evaluations that
have been done are often subjected to political oversight that undercuts their objec-
tivity and effectiveness. One example is the Congressionally mandated Expert Pan-
els for the U.S. Department of Education. When the Math Education evaluation re-
sults were announced, some members of Congress held hearings attacking the work
of the Math and Science Education Expert Panel because political interest groups
objected to the results of the evaluations (without technical merit to their opposi-
tion). As a result, the other Expert Panels were dismantled and their findings not
published.

This response is not an argument that evaluations of curricula and textbooks
should not be done, at least for those produced with federal funds. The National
Science Foundation has set a high standard of excellence in its evaluations of re-
cently funded curricula, such as GenScope; U.S. Department of Education projects
should be held to a similar level- of excellence. The point is that the outcomes of
these studies are-typically ignored or attacked, rather than followed, whenever the
results of this research conflict with the interests of political groups or the mis-
conceptions of the public. This makes the investment of large amounts of federal
funds in comparative studies a mechanism of limited leverage in education reform,
especially given the issues of generalizability discussed earlier.
3. According to the National Center for Education Statistics, 99% of public school

teachers have computers available to them in their schools, and 84% have at
least one computer in their classroom. However, less than 10% have more than
five computers in the classroom. Given these statistics, are we ready to use tech-
nology in classroom instruction, and do we know how best to use technology for
direct instruction, supplemental instruction, teacher professional development,
and student assessment?

The bulk of my written testimony deals directly with this question and establishes
that much is known about the effective use of technology in school settings. This
includes classrooms with a single computer, or with all the school computers in lab-
oratories and none in classrooms, although these are not optimal arrangements. At
this point, the primary issue in technology usage is not purchasing additional equip-
ment, but transforming content and pedagogy to more effective practices using tech-
nology as part of the interventions required to accomplish this.

Again, a major barrier is the refusal by the public, educators, and politicians to
make rational usage of the research results available, rather than a dearth or lack
of quality in studies of effective technology usage. For example, this year the Na-
tional Academy of Sciences published a report, Knowing What Students Know, docu-
menting numerous effective uses of technology in student assessment, supported by
a wide array of basic research findings. However, both political parties and the
American public continue to support a simplistic, naïve "test and punish" strategy
for education reform (as described in my oral testimony) that ignores these results
about technology usage in student assessment.

This is not to say that research on effective uses of technology in education is not
a useful and important investment; my written testimony argues strongly for fur-
ther funding of this type. The point is that, when the research community gains in-
sights about an educational issue and publishes its results, much remains to be ac-
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complished in educating the public, educators, and politicians before educational ad-
ministrators are willing and able to act on those insights. My testimony and my re-
sponses to the questions below speak to the types of additional dissemination, adap-
tation, and capacity building needed.
4. Given the rapid evolution of hardware and software, already strained school

budgets, and the apparent lack of knowledge about how best to use technology in
education, is the national investment in instructional technology for schools pre-
mature?

There is not a fundamental lack of knowledge about how best to use technology
in education. On the contrary, many more studies exist establishing the effective-
ness of technology and ways to use it well in classrooms than there are studies docu-
menting the value of the interventions (e.g., block grants, massive federal testing)
in the recent, highly questionable "education reform' legislation massively endorsed
by the Congress and President and widely accepted by the public. The evolution of
technology is a further argument in favor of its deployment, since American busi-
ness has realized productivity gains as the power of computers and telecommuni-
cations increase while prices drop. Strained school budgets are also a reason for sup-
porting the implementation of educational technology; again, business has found
that transformative usage of computers and telecommunications (as opposed to
automating traditional work practices) is a means of saving money.

The primary issue, as described in my oral testimony, is that educational tech-
nology is often not used welland the conditions for its success are very difficult
to realizein the current climate of education "reform." Only when more rational,
research-based strategies for the improvement of education is adopted by the public,
educators, and politicians will the potential power of national investments in learn-
ing technologies be fully realized.
Post-Hearing Questions Submitted by Ranking Minority Member Eddie

Bernice Johnson
1. By what means can strong ties be developed among those who perform basic re-

search in cognition and human learning, those who perform education research,
and teachers, school administrators, and developers of educational materials?
Does the Interagency Education Research Initiative show promise as a mechanism
to achieve this type of collaboration?

Dr. Nora Sabelli and I have recently completed a paper that addresses this issue
(cited in my written testimony). Here are excerpts that speak to mechanisms for
linking research and practice:

"The strategy we advocate for increasing the impact of research on education
practice goes beyond "transfer" and "action research' towards reconceptualizing the
relationship between scholarship and practice as instead a scholarship of practice.
An analogy for understanding a "scholarship of practice" is to consider the levels
of experimentation and applied research that take place after scientific research in
the physical sciences is conducted and published, and before the results of this re-
search are applied large-scale in society. The field of education does not provide
roles akin to engineering for developing research prototypes into robust practices
and products. As discussed later, the outcomes of research include people, not only
knowledge, and transfer between research and practice is implemented through
both scholarly products and human capacity-building.

For example, the National Institutes of Health (NIH) strategy of incorporating
use-driven research perspectives into the definition of clinical research and research
trials has much to offer our distributed and fragmented education system, including
potentially shortening the time frame in which education research can have real
and sustained impact in schools. NIH has recently revised its policies for funding
medical and public health research on the basis of its past successes in medical re-
search, coupled with failures in using similar strategies in advancing the public
health aspects of medicine.' These changes highlight the parallels between edu-
cation and the public health aspects of medical research, rather than medical re-
search per se. In developing better methods of applying research in schooling, edu-
cation scholars should consider how and why existing models for implementing re-
search in practice outside of education succeed (or fail).

Beyond reformulating models of research application, the under-funding of edu-
cational research compared to other fields' investments in scholarship results in a

'The Office of Behavioral and Social Sciences Research was created in the Office of the Direc-
tor, NM, in 1995. See httpi /obssr.od.nih.gov /about.html. See also Bridging Science and Service,
A Report by the National Advisory Mental Health Council's Clinical Treatment and Services Re-
search Workgroup, NIMH, http:1 I www.nimh.nih.gov I research / bridge.htm
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dearth of research-minded practitioners who join the instructional workforce in its
many guises. This in turn undercuts a generative, field-driven demand for quality
research that speaks to practice. Allocating a greater proportion of education ex-
penditures to research, as well as increasing the research preparation of practi-
tioners, would contribute to solving many problems of capacity in education that
have been discussed lately, including the need for a higher quality instructional
workforce and for instructional leadership in the school's administrative hierarchy.

What is required from research-minded practitioners is not "action research"
along the lines of academic research carried out in classrooms. Rather, it is the more
profound experimental ethos of (and support for) data-driven iterative assessment
and revision of classroom practice by practitioners with the collaboration of re-
searchers. Practice-minded researchers need concomitant recognition of the new
ways in which the expertise of researchers and practitioners interact. The practice
of education is always localized to the interactions of a particular student or group
of students, with a particular instructor, and within a particular environmental con-
text. Any general conclusions and recommendations of research need to be adapted
to specific local conditions and capacity, before they can be expected to show results.

Principled localization of general research knowledge requires more than manu-
als, textbooks, and a vision of what "good practice" ought to be. Localization requires
the ongoing hard work of thinking through options and evaluating them, based on
very specific sets of conditions and resources, to arrive at a path for action. Excel-
lence is not achieved in one jump; reflective modification of this path is the "experi-
mentation" that leads to optimizing gains. Partnerships such as those advocated by
the LETUS group2 and by Confrey et al.3 are centered on the content and pedagogy
of specific instructional activities and have stringent requirements for the prepara-
tion of researchers and practitioners. Graduates of these learning partnerships are
able to experiment on demand within specific classroom situations, simultaneously
gaining understanding from such experiments and revising them to obtain increased
student learning.

The Interagency Education Research Initiative (IERI) is an effective program
based on the belief that too little emphasis has been placed on funding for in-situ
adapting, analyzing, and scaling-up interventions and policies that, as isolated is-
lands of innovation, have been successful in some educational contexts. [To disclose
a possible source of bias here, I am a co-investigator on an IERI grant.] We believe
that even less priority has been given to modeling and generalizing the coherent
processes that led these innovations to succeed in design experiment settings and
other implementation venues. To achieve sustainable and optimal change, we posit
that understanding the process of innovation by teachers and administrators (i.e.,
how they alter their standard practices) is as important as studying the outcomes
and the instructional practices that we wish others to replicate.

Such knowledge cannot be obtained using a dissemination strategy. Dissemination
implies that the changes that take place in new sites will be minor or non-existent.
We know that that is seldom the case, and that critical aspects of innovations are
most often co-opted when performed in isolation from their bases on research. In
essence, we are saying that innovations studied- by researchers succeed because of
the special flexibility provided by the presence of researchers. We need to develop
strategies for reproducing not only the innovation itself, but also the environment
that led to its success. Additional federal funding is needed for programs such as
IERI, but also for research initiatives beyond this that are based on a scholarship
of practice and speak to the issues above.
2. What are the key factors in- moving results in human learning into educational

practice in the classroom?
Here is additional material from the Sabelli & Dede paper that speaks directly

to this issue:
"Education research problems and methodologies in human learning span many

disciplines, whose goals and methods need co-adaptation to effectively address the
complex components of educational practice. This adaptation calls for the nurturing
of communities of researchers that share language, methodologies, and goals across
disciplinary boundariesthe only way to avoid "a bridge too far." 4 Two examples
will suffice to highlight the possible gains to practice of research that purposely in-
tegrates this breadth of topics. One is the work of Huttonlocher, Gentner,

2 httpa www.letus.org 1 aboutus.htm
3 http:1 1 www.edb.utexas.edu 1 syrcc
*Education and the brain: A bridge too far. Bruer, J.T. (1997, November). Educational Re-

searcher, 4-16.
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Newcombe et al. on understanding and fostering spatial competence.5 Another is im-
plicit in the work of Dehaene6 on the neural mechanisms that underlie counting and
estimating, and the related work of Gelman and collaborators7 on the interaction
between the structure of the brain's learning mechanisms and the structure of the
data that support l

Figure 1 is one :iaervrof different aspects (quadrants) in NSF's formulation of
education research and includes a placeholder for the "system changes" research to
be discussed later. The use of the word "network" in this context deserves an expla-
nation. We want to avoid any implication of a linear continuum between research
and practice, or of a continuum of granularity levels from individual to social. Every
qua t has its own set of granularities, from small to large, and every quadrant
may include aspects of practice. There is a qualitative change of focus in bridging
quadrants. This change redefines the conceptual scales, and it is this redefinition
that enco es posing questions from different perspectives. Redefined questions
demand a re g of the methodologies used to answer them, and offer the possi-
bility of new insights. Thus, the network of quadrants should reflect the limits of
a reductionist approach to studying the complex nature of education.

The quadrant labeled "Components of contextualized practice" provides use-driven
problems for research to consider, stemming from issues in curriculum, pedagogy,
assessment, professional development, etc., that relate to fundamental issues of
human learning. Other quadrants represent various types of research that con-
tribute in different ways to understanding and improving practice. These include
studies of individual learning at biological scales, of social learning by individuals
and groups, of the organization of the educational system, and of policy and eco-
nomic issues. These areas of research run the gamut from immediate usefulness in
practice to setting the stage for advances a decade hence, and from individual phe-
nomena to organizational dynamicsi.e. along axes of both time and aggregation.

Each quadrant receives outside inputs (methodological, problematic) from less
education-problem driven aspects of contributing disciplines. Besides framing dis-
ciplinary aspects of research in terms of their contributions to practice, such a con-
ceptual framework highlights the importance of the interfaces between quadrants as
areas where research is needed and where the nurturing of cross-disciplinary com-
munities of scholarship is of paramount importance.

Quadrant 4 in Fig. 1 is the home within NSF's portfolio for studies that explore
educational systemic issues. The relationship between this quadrant, the IERI pro-
gram, and the types of research we advocate for is shown in Fig. 3 where the

5Understanding and Teaching Spatial Competence. J. Huttenlocher, D. Gentner, N.
Newcombe https:11www.fastlane.nsfgov I servlet I showaward?award-0087516 (and prior awards)

6The Number Sense: How the Mind Creates Mathematics. Stanislas Dehaene; Oxford Univ
Press 1997.

7 Learning in Complex Environments by Natural and Artificial Systems. R. Gelman, C. Taylor,
E. Stabler, 0. Chapman, C. Gallistel. https:11www.fastlane.nsfgov 1 servlet I showaward?award-
9720410. The Children Understanding of Number. R. Gelman and C. Gallistel, Harvard Univer-
sity Press, 1978.
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placeholdcr for "system changes" shown in Fig. 2 is analyzed. The IERI program
represents an extension of implementation research into the conditions for
scalability and sustainability. "Sustainable localized system changes" represents the
type of scholarship of practice that we advocate.

In our strategy (see Fig. 2), we differentiate research on separate aspects of edu-
cation practice (e.g., the cognition of teaching and learning), from studies of these
components embedded into a sustainable implementation in real contexts (policy
and practice research on education innovation).. The middle box in Fig. 2 is crucial,
because this type of research bridges and connects advances in isolated portions of
educational practice with an understanding of the policy and systemic actions that
promote or. hinder their classroom applications in a scalable and sustainable way.8.9
mustrative examples of research that falls into this middle box include:

creating strategies for the sustainable, large-scale adoption of experimental
learning technology prototypes into educational practice io
using statistical data for assessing student progress to -provide professional
development on content-specific pedagogy and teacher proficiencyl
understanding how to foster the conditions for productive participation of nov-
ice learners in scientific research.12

lesplessientatkus
,.:71.°11`- research 111P11,..

Elements of
instructional
practice

Instructional
practice in its
environment

Elements of the
instructional
environment

-pnictice

Figure 2. Type ((Research Studies on Changes in.the Practice of Eduction

The three bullets illustrate non-exclusive aspects of how the term "implementa-
tion. research" has been used by the groups referenced. The parallel interests of im-
plementation research.: are (a) to contribute to sustainable and optimal improve-
ments in practice in- a given environment, responsive to that environment, and (b)
to treat the process as a local experiment where, researchers and practitioners can
support and reflect on the development of the site as a learning organization." By
"sustainable and optimal" we. mean research that succeeds in raising the expecta-
tions and- practices of the implementation site to match the maximum gains that
could be achieved under given conditions. To achieve sustainability, research must
help raise the local capacity for negotiating with policy-makers the time frames for
achieving expectations, and then engage in continuing to raise these same expecta-
tions.

Such work must take as its bases a consideration of local conditions at that imple-
mentation site, the development of human and infrastructural capacity for principled
improvement at that implementation site, and the uncovering of a path for continued
organizational learning at that implementation site. Often, at that site this research
strategy requires a combination of design experiments, the creation of ongoing sup-
port relationships among researchers and educators, and the need for ongoing re-

8 Systemic Crossfire: What Implementation Research Reveals about Urban Reform in Mathe-
matics. J. Confrey, K. Bell, D. Carrejo, unpublished (AERA 2000 presentation).

9Systemic Educational Change: Towards A Complex Systems Perspective. J. Lemke et al. Com-
plexity and K-16 Education: Working Group 3 Draft Report, http:i I www.necsi.org I eventsl
cxedk 16 I edreform. html

18The Living Curriculum Project. L. Gomez et al. https:11www.fastlane.nsfgov I servletl
showaward?award-9720423

II Work with Fathom and Student TAAS Data. Proposal for a Systemic Research and Design
Center in Mathematics, Science, and Engineering Education; Confrey et al. https: 1 /
www.fastlane.nsfgov I servlet I showaward?award-9816023

12 Center for Highly Interactive Computing in Education. http://kidsideas.org/
investigationstation
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search on locally posed questions. This integrated type of system-embedded research
is what we call implementation research. It requires collaborative teams of research-
ers and practitioners involved in co-design and co-analysis, as well as the use of ex-
perts outside of education, such as social psychologists, complex systems theorists,
organizational researchers, policy analysts, and economists. In these research part-
nerships, providing support mechanisms for participating practitioners to learn the
language, methods, and culture of research is essential.

In this situation, the implementation site experiences individual and organiza-
tional learning from its own attemptsvia an ethos of experimentation. The oper-
ational term for describing the relation between research and practice is not for us
"transfer" or even "integration"; rather, it is "integrated co-development."

Figure 3.- Extension of the continuum research model to integrate localization
research.

Funding new research programs such as we describe that stress integrated co-de-
velopment is a powerful way of moving scholarly findings about human learning
into educational use in classrooms.
3. The NSF budget for FY 2002 includes a request for $200M to fund partnerships

between institutions of higher education and K-12 schools to improve science and
math education by bringing research-based approaches into the classroom to im-
prove student achievement; strengthening math and science standards and cur-
ricula; eliminating the performance gap between majority and minority and dis-
advantaged students; improving math and science training for teachers; and
reaching under-served schools and students in new and creative ways. What por-
tion of the resources available for this initiative should be used for basic education
research, and what ought to be the priorities of the research component?

First, only "use-driven" basic research as described above should be funded as a
part of this initiative. Any other types of basic research funded by this initiative,
while worthwhile as scholarship, would fail to improve science and math education
just as curiosity-driven or theory-driven studies have provided little leverage in
other, similar attempts to alter practice.

Second, the priorities of this research component should flow from the lessons
learned at NSF from the problems and difficulties of its various "systemic reform
initiatives" (Statewide System Reform, Urban Systemic Reform, etc.). These projects
typically had little sustained, meaningful impact on education practice despite goals
and mechanisms similar to those proposed in this $200M request. Only if this new
initiative is based on insights about the limited leverage of those earlier programs
will it bear greater fruit.

Third, the new initiative must take into account in its use-driven basic research
some fundamental issues about education practice not often considered by scientists
and mathematicians at academic institutions. Below is feedback about these issues
that I have already provided to NSF in the content of this initiative:

"MSPI assumes that higher, standards in math and science, as upheld by academic
scientists and mathematicians, are the major missing ingredient in quality edu-
cation. This assumption seems suspect in a number of ways.

The content standards in math and in science already are overburdened with
many low-level types of factual knowledge rather than fewer fundamental
ideas and skills taught deeply, and inviting academic mathematicians and sci-

9 6
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enlists to make the curriculum more rigorous is likely to make this problem
worse rather than better, as each sub-speciality includes its material to re-
cruit promising students. Including non-academic scientists and mathemati-
cians, who have a better sense of what every worker and citizen needs to
know, could help with this issue.
Also, if the initiative succeeds only in its narrow goals of improving education
students science and math preparation, when potential pre-service teachers
have strong skills in science and math they typically will shift to a different,
more technical career with a higher salary, better working conditions, and
more respect from the communityunless some other, simultaneous interven-
tion takes place that alters the status of teaching as a profession.
In addition, schools of education are not mentioned in the initiative, con-
sistent with the predominant view of scientists and mathematicians that
these academic areas are of low-quality and part of the problem rather than
a vital component of the solution. In fact, a major part of the difficulties in
math and science education is the poor teaching practices of academic sci-
entists and mathematicians, who frequently assume that there is no such
thing as pedagogy and that content knowledge is all that is needed to make
a successful professor. I believe that both schools of education and academic
departments in science and math have much to learn from each other if this
imtiative is to succeed.
Regardless of any other form of intervention, until student assessment
metrics are more sophisticated than high-stakes, low-level tests, flawed ac-
countability measures will continue to drive the curriculum (and drive down
students' knowledge of higher order science and mathematics). The recent Na-
tional Academy of Sciences report, Knowing What Students Know, outlines a
research agenda promising in its opportunities to improve these types of as-
sessments. As part of MSPI, scientists and mathematicians should be in-
volved with improving assessments, especially becauseas with pedagogy
they have a lot to learn in this area if they are to model effective assessment
practices for present and future teachers.

Thus, implementing MSPI in its present form will likely worsen rather than im-
prove the situation. More of a research perspective based on NSF's prior experience
with this issue is needed. In framing MSPI, NSF should first analyze various situa-
tions around the country where scientists and mathematicians have become more
involved in teacher preparation and professional development, studying what prob-
lems and issues have arisen as a result (such as NSF's own systemic reform initia-
tive programs including SSI, USI, and LSI. I suspect you will find that these initia-
tives are successful only when a systemic perspective on change is considered, and
all stakeholders are involved as equal partners, each remediating their own weak-
nesses.

The State, Urban, and Local systemic initiatives sponsored by NSF have largely
failed due to poorly defining the problem facedhopefully MSPI will not be another
example of this problem. Good researchers learn from their mistakes. .

This feedback illustrates a range of seminal problems that could profit from use-
driven basic research incorporated into the proposed MSPI initiative.
4. Describe the key features of a federal program to disseminate information about

successful educational practices and to support their widespread use.
Below are additional excerpts from the Sabelli & Dede paper that speak to the

issue of new strategies for more effective dissemination/adaptation:
"As has been suggested by the President's Committee of Advisors in Science and

Technology (see ref. 5), if our ultimate goal is long-term, pervasive, quality edu-
cational improvement, we must find ways to invest a "critical mass" of funds and
human resources in clinical-type research. This paper argues for a definition of such
research as reflective interplay between basic research and practice, a process that
is bi-directional and helps both sides evolve towards increasingly sophisticated ob-
jectives along the lines of recent redefinitions of the compact between research and
the public."

In such a relationship, innovation is not followed by dissemination: the expected
acceptance of recipes and materials for innovation developed by others. Innovation
is instead the reflective adaptation or recreation of a process that enabled a similar
group to succeed in another educational setting.. Scholarship needs to provide vali-
dated examples of processes carried out under similar circumstances. Local innova-
tion will then take these processes and chart a path from their own current capacity
to a similar but evolving goal. Focusing on the process as well as on outcomes en-
ables practitioners to start with objectives consistent with their own current prob-
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lems and worldview, then evolve towards increasingly more powerful goals as they
reflectively adapt innovations and engage with scholars in answering research ques-
tions needed for principled adaptation.

Table 1.- Different Styles of Classroom Research on Innovation and Practice.

TCEED Definition Cliaracteristies

-y-

Question

Innovation
A new curriculum,
technology, material,
etc. and associated
PodagoeY

May include isZted
classroom studies

Is this an useful
pedagogy?

bnavention
The use of that
innovation in one or
more molar
classrooms

My include outside
evaluation

Is this pedagogy apt to
be disseminated?

Intervention Study
Interventions are
always etplUblelitS,
but not always treated
as such

Includes extensive
evaluations

Does the pedagogy
work?

How can the site learn
about the nature of
pedagogy from the
study?

Implanennaion
Research

The study of mutual
impacts of the
innovation and the
intervention

Ongoing work by the
site and by the
research team

Clinical Research
The aggregation of
outcomes from
multiple intervention
research studies

Requires a common
framework

What is the range of
applicability of the
pedagogy?

Table 1 differentiates between types of classroom studies and the research ques-
tions that we believe should drive them, and is an attempt to place implementation
research in an ecology of studies that bridge traditional research and practice. Cer-
tainly, this type of research on the sustainability and scaling-up of reforms is expen-
sive, people-intensive, and time consuming; but these are not the only reasons why
such studies are seldom done'.13 Implementation (systemic, applied) research does
not fit well within conventional scholarly academic career paths. These studies de-
mand a multiplicity of expertise and of theoretical and methodological perspectives;
this type of scholarship also requires researchers to share control of the investiga-
tive process with practitioners and policymakers. When such close partnerships are
in place, researchers must not only relinquish sole power over the analytic process,
but also act as brokers to guide and mediate the reflective interactions of other
stakeholders. This is a skill for which most investigators are not preparedin part
because conceptual frameworks for this type of research are not well developed, in
part because this capability is best fostered through supporting changes in practice
within integrated implementation and research "testbeds" (an uncommon experience
for scholars), and in part because such goals and flexibility are seldom allowed by
funding agencies.

In our view of research, the conventional intent of large-scale research endeavors
to achieve an expected outcome instead shifts to sustained planning for continual,
reflective evolution. In our view, even the best of predetermined goals too often
leads to implementations that call for either locally unattainable or unimportant
outcomes, or worse, to the co-opting of the original goals to make them locally via-
ble. Evolving objectives, on the other hand, require developing a shared, long-term
vision of what excellence in education means.

For example, one of the authors is a co-investigator in a five year IERI project
studying how the systematic usage of scientific models in the high school curriculum
shapes students' cumulative motivation and understanding in science, as well as
learners' generic understanding of models. The co-design and co-analysis by partici-
pating practitioners of our educational interventions is essential for enabling the
large-scale integration of alternative curriculum. This involvement can lead to a sus-

13 See footnotes 21-25.
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tamed process of innovation in science education that persists after our specific cur-
ricular studies are finished.

Some central questions in a process of mutually conducted implementation re-
search are: What are the critical insights needed here and now to plan for and
achieve an educational system's long-term goals? What is the existing knowledge
base in a particular' situation, and where are the pressure points in that context for
augmenting that knowledge? What types of intermediaries can aid or subvert the
institutionalization of an ongoing relationship between practice, policy-making, and
basic, applied, and systemic research? Current research funding programs seldom
take these kinds of questions into account in the criteria they use for peer-reviewed
allocation of resources.

Federal funding programs such as those advocated in this paper are needed to
move beyond disseminating information about successful educational practices and
supporting their widespread use, since these types of strategies for education im-
provement have historically been unsuccessful despite many attempts. Funding pro-
grams that focus on creating a mutual culture among scholars and practitioners di-
rected to a process of reflective innovation are the best lever for large-scale improve-
ment.

Thank you again for soliciting my advice. I applaud the Committee for its work;
if I can be of further_assistance, please let me know.
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